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SUMMARY 
Meat and meat products make important nutritional contribution to the 
diet of the people. Significant percentage of the recommended dietary 
allowances for proteins, vitamins-B, magnesium, phosphorous, iron and zinc 
are contributed by red meat and poultry (Pearson and Brooks, 1978). Primitive 
men recognized that a meat rich food was for more concentrated than vegetable 
foods and in early days mankind survived on animal foods, which now a days 
after development of food science are claimed to be more nutritious than other 
foods. It is recognized as a highly nutritious food having high quality proteins, 
a good balance of the essential amino acids and high biological value. 
The meat is the center of attraction for microorganism especially 
bacteria because of favourable pH, sufficient moisture content and highly 
nutritious. As a result of microbial growth and multiplication meat is rendered 
unfit for human consumption within few hours at ambient temperatures. 
Preservation of meat by freezing and frozen storage maintains the 
characteristics almost similar to fresh meat by preventing the microbial growth. 
However this method is expensive for preserving the meat and meat products 
intended for long storage and export 
With the development in refrigeration and freezing, the meat processing 
has taken sharp turn and now all types of convenient meat products including 
traditional and western like steak, hamburger, restructured meat, paties, kababs, 
meat kofta, tikki, nuggets, biryani, frankfurter, bologna etc. are available round 
the year. The demand for processed meat products has been further accelerated 
by a relatively large number of women being employed outside the home and 
consequent lack of available time for preparation of meat products. Since meat 
has always required the largest period of preparation, it has benefited most 
from the development of convenience food items. 
During the last two decades the demand for buffalo meat and its 
products has increased all over the world. India is a major producer of buffalo 
meat because of large population of the animals (Approx. 92.0 million, FAO 
Year Book 2000). The total meat production in India is 4.59 million tonnes and 
the share of buffalo meat is 1.40 miUion tones (FAO, 1998). The share of meat 
production of India is only 2% of the world's total 216.2 million tonnes (FAO, 
1998). Despite India's vast live stock resources and huge share (about 12%)of 
the world's live stock population and 56.5% of world share in buffalo 
population, the export share of meat are very meager. Buffalo meat alone 
contributes 85% of the total meat export from India. It is the cheapest muscle 
food of the country ($5.0 per 5 kg). 
In India buffalo meat is produced from the young calves, old spent 
animals and also from mature animals. Meat from old animals is usually 
fibrous and tough and fetches lower price as compared to meat from buffalo 
calves and other mature animals. Number of studies have been conducted in 
past to improve quality and acceptability of such products (Sahoo et al., 1998, 
Anjaneyulu et al., 1989). However it is reported that Indian buffalo meat is 
suitable for production of a variety of convenience and value added products 
(Govnidrajan, 1973). Buffalo meat can be very well used for the production of 
sausages, a ready to eat/ready to heat and serve products. 
Utilization of edible by products of buffalo meat is also vital aspect of 
meat industry. The proper disposal of such organic is also of major importance 
both in terms of maintenance of environment and economic production of 
human and animal feed. Edible byproducts may be used in meat products 
formulation viz. sausages for the reason that some of them have significant 
nutritional value (Pearson and Duston, 1988). 
Sausage is a food that is prepared from comminuted and seasoned meat 
and is usually formed into a symmetrical shape. The world sausage is derived 
from the Latin salsus, which means salted or literally meat preserved by 
salting. Sausage making has developed over a number of centuries, beginning 
with simple process of salting and drying meat (Tauber, 1976), which basically 
aimed to preserve fresh meat that could not be consumed immediately. The 
typical flavours, textures, and shapes of many sausages known today such as 
frankfurters, braunschweiger, and salami were named due to geographical 
locations of their origin. Some sausages are smoked after preparation and 
cooked before consumption. Fresh sausages are uncured, comminuted, 
seasoned and usually stuffed into some type of casing and cooking before 
serving e.g. bratwurst. Cooked sausages are cured/uncured meats, comminuted, 
seasoned and stuffed into casing, cooked and sometimes smoked and served 
cold e.g. liver sausage, braunschweiger and liver cheese. Fermented sausages 
are a very stable meat product and prepared from the comminuted mixture of 
mainly meat, fat, salt, spices and condiments and then allowed fermenting 
under strict conditions of temperature and humidity. The mixed culture of lactic 
acid bacteria is combined to accelerate the fermentation. The product finally 
takes the composition of intermediate moisture food with low pH as a result of 
lactic acid production during fermentation. Fermented sausage are either dry or 
semi dry sausages. 
Sausages are packed in natural and artificial casing, which provide size 
and shape. Casing serves as processing mould handling, shipping and 
merchandising it for display. The natural casing is preserved in salt solution. 
The artificial casing are of different types i.e. celluloses non-edible collagen 
and plastic and are to be peeled before consumption. In the light of above facts 
with regard to meat processing and keeping in view the dearth of information 
on quality evaluation of buffalo meat sausages (Fresh and fermented) as ready 
to eat and ready to heat and serve convenient food, which can be consumed in 
India and exported as well to other countries provided they have good quality 
characteristics and reasonably good shelf life. Experimental studies were 
carried out in the present research work with the following comprehensive 
objectives. 
i. Development of fresh and semi dry fermented sausages of buffalo 
meat incorporating different levels of heart (in lean meat) and fat 
keeping other ingredients constant. 
ii. Evaluation of physiochemical, microbiological sensory and textural 
characteristics of the developed products. 
iii. Evaluation of shelf life of developed sausages under refrigerated 
conditions (0°C and 4°C for fresh and semi dry fermented sausages 
respectively). 
Keeping in view these objectives of the study, a number of experiments 
were carried out to evaluate the physico-chemical, microbiological, sensory 
and textural quality and shelf life of the products. 
Meat samples collected from the local meat shop in the study were from 
buffaloes slaughtered according to traditional halal methods at slaughterhouse 
of Municipal Corporation of Aligarh. . The animals were kept in the lairage for 
a period of 20 hours before slaughtering. Meat samples from round portion 
(biceps fermoris muscle) of 2.5, 3 and 3.5 years aged female carcasses of good 
finish, were obtained from meat shop within 4 hr. of slaughter. Buffalo fat from 
brisket and back and buffalo heart were also procured along with other meat 
ingredients. Meat samples were packed in low-density polyethylene (LDPE) 
and brought to the laboratory with in 15 min after separation from carcass. The 
meat, fat and heart were kept inside ultra low temperature cabinet (Yarco, 
India) at 2°C for 20 hours. 
For preparation of fresh sausage, two different types of samples viz 
controlled and treated (with antioxidant, sodium hexa metaphorphate) were 
taken and the sample size was kept on the basis of 1.0 kg lean meat. Three 
levels of fat and four levels of heart was taken for study of fresh sausages. 
Twelve samples, each of controlled and treated fresh sausages (each containing 
different combination of heart and fat) was prepared. The spice mix was 
prepared with 10% black pepper, 15% red chili, 5%) cardamom, 5% cinnamon, 
3%) cloves, 20%) cumin seed, 10% turmeric, 17% coriander and 10% mace. The 
onion, ginger and garlic paste was prepared by grinding the three condiments in 
ratio: onion (160 g), garlic (20g) and ginger (20g). They were cut in to small 
bits and mixed in laboratory blender (Braun Co., India) to a fine paste. The 
composition of fresh sausage was kept as: lean meat (1.0kg), heart, (lOOg), 
spice mix (15g), fat (200g), condiment paste (20g), salt (35g), sugar (lOg), ice 
(150g) and monosodium glutamate (5g). 
Lean meat along with heart was ground in a grinder (PRS, Tech. India) 
at 11°C (adding half of ice) through a 0.95cm plate. It was further chopped at 
slow speed (18 rpm) in a bowl cutter (PRS Technology, India) for further 
comminution and mixing of fat salt, spices, sugar, condiments and the 
remaining ice was added and chopping was continued for five minutes to a 
final temperature of 14-16°C. Entire mix was transferred to stuffing machine 
(PRS, Technology, India) and collagen casing (25mm dia) was used for filling 
fresh sausages. The finished sausages were evaluated for different 
characteristics and also stored at 0°C in an ultra low temperature cabinet for 
shelf life study. 
Fermented sausages (semi type) were prepared from comminuted 
mixture of meat, fat salt spices, condiments and sugar using mixed culture of 
Lactobacillus brevis and Lactobacillus plantarum. The recipe was kept as: meat 
(1.0kg), fat (200g), heart (150g), spicemix (lOg), salt (30 gm), garlic paste 
(20g), Sugar (lOg), dextrose (5.5g), sodium nitrate (0.25g), monosodium 
glutamate (1.2g) and mixed culture of L. brevis and L. plantarum (0.5%). 
Buffalo meat, heart and fat were ground in a grinder (PRS Technologies, 
India). Then ground buffalo meat, heart and fat was transferred to bowl cutter 
and chopped for 2 min. Other ingredients viz. spicemix garlic paste, sugar and 
dextrose were added and further mixed in a mixer (PRS Tech., India) for 5 min. 
Mixed culture were added at the very end of mixing. The mass was well mixed 
and finally placed in a shallow pan and held under refrigeration temperature 
(7°C) for 2 days to enable curing process and stabilization of micro flora. The 
presence of air pocket in the pan was avoided and was excluded during 
kneading. After remixing again the mix was transferred and packed in the 
stuffing machine (PRS Technologies, India) as firmly as possible to exclude air 
from the products. Stuffing in to casing was done firmly and carefiilly to 
exclude air inside the casing, wliich might discolour the meat mix and reduce 
shelf life of the semi dry sausage. After stuffing the mix into casing the open 
end was tied and a loop was formed so that sausages could be suspended on hot 
rods during smoking. Now the sausage stuffed in to casing, were held at 15°C 
and 90% relative humidity (RH) for two days to complete fermentation. The 
completion of fermentation was indicated by drop in pH of the product. 
Sausages were smoked at 20°C for 8 hours continuously, and fiirther the 
temperature for last 1.5 hour was increased for last 1.5 hour to 45°C to improve 
flavour and colour. The smoked sausages were dried at 20°C and at relative 
humidity of 70% for 5 days. Sausage samples were packed in HDPE bags. 
Dried sausages were evaluated for quality characteristics and also stored at 
refrigerated temperature of 4°C for future study. 
Raw buffalo meat and heart were analyzed moisture, protein, ash and fat 
content (AOAC, 1990). pH of these samples and sausages samples was 
evaluated by digital pH meter (Yarco, India), total plate count (TPC) and yeast 
and mold count (Y & MC) by serial dilution method spread plate technique 
with nutrient agar and potato dextrose agar respectively (APH, 1992). Fresh 
and fermented sausages were evaluated for physicochemical (pH, moisture 
content and TBA number), microbiological (total plate count, and yeast and 
mold count). Sensory and textural characteristics. Moisture content of the 
sausage sample was evaluated by standard hot air oven method. TBA number 
was measured by the method described by Strange et al., (1975). Sensory 
characteristics were evaluated by hedonic rating test method as described by 
Ranganna (1994). The sensory attributes evaluated were colour, aroma, texture, 
taste and juiciness by a trained panel. Texture analysis of sausage samples was 
conducted by TAHD type texture analyzer (SMS, England). The instrument 
measured the positive peak force, indicating the hardness of the samples. Data 
obtained from experimental obsaervations (n=6), were subjected to analysis of 
variance (ANOVA) as described by Cochron and Cox (1992). Polynomial and 
linear regression was also determined to study the storage behaviour of 
physicochemical, microbiological and sensory properties. Salient features of 
research findings were as follows: 
• The results of analysis for proximate composition of raw buffalo meat and 
heart, showed that the raw buffalo meat had 74.5% moisture content, 7.0% 
fat, 17.5% protein, and 1.0% ash content and the heart had 76.21% moisture 
content, 4.3%) fat, 17.2% protein, and 1.0%) ash content. Carbohydrate was 
absent in lean meat, while the heart had 1.3% carbohydrate. The pH values 
of raw buffalo meat and heart were respectively 5.67 and 5.93 an log TPC/g 
values, respectively 3.17 and 3.75. 
• Incorporation of different levels of heart significantly (p<0.01) increased 
the pH of fresh sausage. Increasing fat levels from 15%) to 20 and 25%) also 
significantly (p<0.01) increased the pH of fresh sausage. 
• Treatment of sodium hexametaphosphates (SHMP) in fresh sausage caused 
enhancement in pH as compared to controlled counter part. SHMP 
treatment caused polyanion formation in meat, which ultimately increased 
pH of fresh sausage. 
• Moisture content of fresh sausage was found in between 61.3%) and 69.3%) 
on wet basis. Moisture contents of fresh sausages were significantly 
(P<0.05) lowered by increasing levels of fat. However incorporation of 
heart did not significantly (P<0.05) affect moisture content of fresh 
sausages. It was noted that decrease in moisture content during refrigerated 
storage was less in SHMP treated fresh sausage samples as compared to 
their controlled counterpart. 
• Increasing levels of fat significantly (P<0.05) enhanced thiobarbituric acid 
(TBA) number in controlled fresh sausage while incorporation of different 
levels of heart did not significantly (P<0.05) affect TBA number of sausage 
samples. In case of SHMP treated samples, neither different levels of fat nor 
levels of heart significantly (P<0.05) increased the TBA number of sausage 
samples Interactive effect of heart and fat were also noted and it was found 
• 
that interaction significantly (P<0.05) affected TBA number of controlled 
fresh sausage, while this interaction did not significantly (P<0.05) affect 
TBA number of SHMP treated sausage 
Total plate count (measured as log TPC/g) of fresh sausages was found to 
be in the range of 3.23-3.86 just after preparations. The increasing levels of 
heart and fat did not significantly (P<0.05) affect the log TPC/g of fresh 
sausage samples. Yeast and mold count was found to be absent and not 
detected. 
Sensory characteristics were measured on nine-pint hedonic scale. The 
colour score of controlled fresh sausage samples were in between 7.4 and 
7.9 while colour score of treated sausage samples were in the range of 7.1-
7.3. The score values of colour were less as compared to score values of 
aroma, texture, taste and juiciness. The score values of aroma, texture, taste 
and juiciness of all fresh sausages were found in between '8 ' and '9 ' . This 
indicated the condition between very good and excellent. Score values of 
texture of treated samples were found to be a little higher than their 
controlled counter part. Different levels of fat and heart significantly 
(P<0.05) improved the colour of controlled sausage, while in case of treated 
fresh sausage, only different levels of fat significantly (P<0.05) affected 
colour. Interactive effects of heart and fat also did not significantly (P<0.05) 
affect the colour of treated fresh sausage. Aroma of both controlled and 
treated fresh sausages was significantly (P<0.05) improved by increasing 
levels of fat. Interactive effects of heart and fat also did not significantly 
(P<0.05) improve the aroma. Similar effects were also noticed in case of 
treated sausage. Different levels of heart and fat also did not significantly 
(P<0.05) improve the taste of controlled samples. However, the taste of 
treated fresh sausage was improved by increasing levels of heart and fat. 
Juiciness of controlled fresh sausages was significantly (p<0.05) improved 
by increasing levels of fat. However increasing heart levels did not 
significantly (P<0.05) improve juiciness of controlled fresh sausages. In 
case of treated fresh sausages, different levels of fat significantly (P<0.05) 
improved juiciness. However, different levels of heart did not significantly 
(P<0.05) affect juiciness of fresh sausage. 
• Study on instrumental texture analysis concluded that increasing levels of 
heart reduced hardness/increased tenderness. It is clear from the decreasing 
pattern of positive peak forces (PPF) of fresh sausages with different levels 
of heart (0, 10, 15 and 20%). The values of PPF were respectively 705.2g, 
658.7, 655.3g and 640.5g. Increasing fat level further reduced hardness and 
increased tenderness. The fresh sausages with 25% fat had lowest value of 
PPF of 285.39g. Additional effect of SHMP treatment was that PPF 
increased as compared to controlled fresh sausage. SHMP treatment 
improved compactness of the product. Increasing levels of heart and fat 
significantly (P<0.05) decreased hardness/increased tenderness of fresh 
sausages in both controlled and treated samples. 
• In case of cooked fresh sausage, the hardness was increased as a result of 
cooking. Cooking caused denaturation and coagulation of meat protein. The 
PPF considerably increased after cooking of sausages. Increasing levels of 
heart and fat significantly (P<0.05) decreased the tenderness of the cooked 
fresh sausages. Interactive effect of heart and fat also significantly (P<0.05) 
decreased hardness of the fresh sausage. 
• Evaluation of shelf life under refrigerated condition was dependent on 
different quality characteristics viz. total plate count (TPC), yeast and mold 
count, TBA number and sensory properties. These quality characteristics 
were evaluated periodically after every seven days during storage. All 
quality characteristics were under safe limit till 28 days of storage of fresh 
sausages. The shelf life of buffalo meat fresh sausages was found to be 28 
days under refrigerated storage (0°C). 
• The polynomial linear regression was done showing the difference 
between experimental and predicted values of quality characteristics (pH, 
moisure content, TBA number, total plate count, yeast and mold count and 
sensory characteristics) during storage period (days). Yeast and mold cunt was 
not detected till the last day of safe storage. However very few colonies 
(reported as too few to count, TFTC) were noticed on 35^^ day of storage. The 
correlation was found to be strong as all the values of correlation coefficient 
(R ) were found to be near to unity. 
• The semi dry fermented sausages were developed from buffalo meat 
using different levels of heart and fat. The fermentation was carried out using 
mixed cultures of Lactobacillus brevis and Lactobacillus plantarum. 
Fermentation lowered the pH and drying reduced the moisture content of 
fermented sausage. Low pH and reduced moisture content became the 
important hurdle factors for microbial growth. The effect of different levels of 
heart including control (with 0 % heart) and different levels of fat was studied 
on physico-chemical characteristics like pH, moisture content and TBA 
number, microbiological characteristics namely total plate count, yeast and 
mold count, sensory and textural characteristics of the product in fresh 
condition and during refrigerated storage (4 C). 
• pH of semi dry fermented sausage (six controlled samples) was found in 
the range 5.15 and 5.28 in fresh condition while six samples of sodium 
ascorbate treated batch had pH values between 5.18 and 5.27. Different levels 
of fat significantly (P<0.05) increased the pH of semi sausage samples. 
However different levels of heart incorporation did not significantly (P<0.05) 
affect pH of sausage samples. Storage study was conducted under refrigerated 
condition (4^0) after every fifteen days. Refrigerated storage significantly 
(p<0.05) reduced the pH of fermented sausage. Storage study was carried out 
(aeter every 15 days) till the end of shelf life, which was assessed on the basis 
of microbiological characteristics, TBA number and sensory characteristics. 
The samples were in edible condition till 60 days but were found to be in 
spoiled condition on 75'*^  day. 
• Moisture contents of semi dry sausages were found in between 42.4 and 
47.4% on wet basis after completion of fermentation, smoking and drying. 
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Increasing levels of heart did not significantly (P<0.05) increase the 
moisture content, while increasing levels of fat significantly (P<0.05) 
decrease the moisture contents of sausage samples. During refrigerated 
storage, moisture content decreased consistently and the study was carried 
out till 75 days. Refrigerated storage significantly (p<0.05) decreased 
moisture contents of all samples. On 60"^  day, the moisture contents of all 
twelve samples were found in the range of 36.8-44.4%. The spoilage 
conditions were detected on 75* day as indicated by growth of mold, 
increasing values of log TPC/g and sensory characteristics 
TBA number expressed malonaldehyde/kg represented the oxidation state/ 
oxidative rancidity of the product. The fat present in meat product may be 
oxidized and lead to development of warmed over flavour (WOF). WOF is 
related to the sensory quality of the products (Tarladgis et al., 1960, and 
Zisper et al., 1964). TBA number was determined as mg of 
malonaldehyde/kg. Malonaldehyde is produced as a result of fat oxidation 
and it reacts with TBA reagent to produce coloured complex with an 
absorption max/min at 530-532 mm. The red pigment produced is the 
reaction product obtained from condensation of two moles of TBA reagent 
with one mole of molanaldehyde (Sinnhuber et. al., 1958). The extent of 
colour formation measures the TBA number. In semi dry fermented 
sausage the values of TBA number were on lower side as compared to fresh 
sausage. TBA number values (mg malonaldehyde/kg) of controlled sample 
were found between 0.073 and 0.134 in fresh condition. The treated sausage 
had still lower values of TBA number viz. between 0.062 and 0.111. The 
incorporation of heart did not significantly affect TBA number while 
increasing levels of fat significantly (P<0.05) increased TBA number. 
During storage (4°C) consistent increase in TBA number was noted till 75 
days. Refrigerated storage significantly (p<0.05) increased TBA number of 
controlled samples while the storage did not significantly (p<0.05) increase 
TBA number of SA treated sausage samples. The TBA number after 75 
days were found to be in between 0,147 and 0.107 mg of 
malonaldehyde/kg. Tarlagdig et al (1960) reported that BA number was 
highly correlated with the sensory scores of trend panelists for rancid 
odour/aroma in meat. Similar results were reported by Lyon et al. (1988), 
who reported that threshold range of TBA number for detecting off odour in 
cooked buffalo/beef meat was in the range of 0.6 - 2.0. The values of TBA 
number of fermented sausage sample were found to be far below than the 
limit described above. 
Total plate count of twelve sausage samples were found under TFTC (too 
few to count) limit at the initial stage. Incorporation of different levels of 
heart and also increasing levels of fat did not significantly (p<0.05) increase 
the log TPC/g values. There was no considerable growth of spoilage 
bacteria/mold till 30 days of refrigerated storage. Only species of bacteria 
(L.brevis and L.plantarum ) which were inoculated for fermentation, was 
detected by morphological study and they were characterized as Gram 
positive rod shape bacteria. The microbial count (countable colonies) was 
reported on 45"^  day of storage. Log TPC/g of fermented sausage samples 
(controlled) was found in the range of 3.22- 3.71 on 45* day. Treated 
samples had Log TPC/g values between 3.08 and 3.95.Refrigerated storage 
significantly (p<0.05) increased TPC of controlled and treated samples. 
Study on total plate count was carried out till the samples reached to 
spoilage conditions. On 75* day, the TPC of all samples exceeded to 10^  
and in most of the cases, it was found to be even more than 10 . Log TPC/g 
values were found to be in between 6.94 and 7.51. This indicated the 
spoiled condition of sausages samples. Ranken and Kill (1993) described 
the spoilage condition at 10^  per g of bacteria. The results are also in an 
agreement with Hytainen et al. (1966). They reported that incipient of 
spoilage of meat occurred when aerobic mesophiles count of meat samples 
reduced log 7/g. Similar results were also obtained by Essory et al., (1985), 
Barnes and Thromily (1966). Panda (1971) had also reported that when 
total viable count on meat tissue exceeds log 10 /g, off odour and slim 
starts. 
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Yeast and mold count (.log Y & MC/g) of twelve samples of semi dry 
fermented sausages were evaluated in fresh condition and during 
refrigerated storage at 4°C Yeast and mold count was not detected before 30 
days. Very little count (reported as too few to count (TFTC) was observed 
on 30* day of storage. Incorporation of different levels of heart and also 
increasing levels of fat did not significantly (p<0.05) increase the log Y & 
M C/g values. The yeast and mold count (countable colonies) was reported 
on 45* day of storage. Log Y & MC/g of fermented sausage samples 
(controlled) was found to be between 2.47 and 3.03 on 45* day. Treated 
samples had Log Y & MC/g values between 2.67and 3.3.04. Refrigerated 
storage significantly (p<0.05) increased Y and M C of controlled and 
treated samples Yeast and mold count in log/g was found in the range of 
4.21-5.19 on 75* day. This particular range of yeast and mold count defined 
the spoilage condition. When yeast and mold count exceeded beyond 10 , 
the spoilage occurs (CUMAIRA, March, 2003). 
Sensory characteristics of semi dry fermented sausage of twelve samples 
were conducted on 9-point hedonic scale. The fermented sausage were 
bright red in colour after smoking and subsequent drying. The score values 
of colour, aroma, texture, taste and juiciness were found between '8 ' and 
'9 ' . It represented the condition between liked very much and liked 
extremely. The treated fermented sausage had higher score values for 
colour, texture and juiciness as compared to their controlled counterpart. 
Different levels of heart and fat did not significantly (p<0.05) affect the 
colour score of control sausage. The aroma, texture, taste & juiciness score 
values of control sausage samples were also found to be between '8 ' & '9' . 
Different levels of fat, significantly (p<0.05) improved aroma and texture 
taste and juiciness of control samples, however different levels of heart 
incorporation did not significantly (p<0.05) affect aroma, texture and 
juiciness. During refrigerated storage, the score values colour, constantly 
decreased and after 75 days storage the colour scores of samples were found 
between 6 and 7. The score values of aroma, texture, taste and juiciness 
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were also found to decrease consistently during refrigerated storage (4°C). 
Refrigerated storage significantly (p<0.05) reduced the score values of all 
attributes. However, the score values of these attributes were found above 7 
after 60 days of storage but reduced below 7 after 75 days of storage. The 
score value '7 ' represented the liked moderately condition of samples. The 
sausages were found to be in acceptable condition of aroma, texture, taste 
and juiciness after 60 days of storage (4°C). However the acceptability of 
sausage was found to decrease after 75 days of storage. Due to increase in 
microbial population and lowering of score values of attributes. The exact 
value of shelf life of semi dry sausage was found to be 60 days. 
• Instrumental texture analysis measured by the positive peak force (PPF) of 
the sausage samples. PPF described the hardness of the product. Hardness is 
inversely related with tenderness. Three samples of controlled sausage with 
0, 15 and 20% heart and each with 20% fat were found to have PPF values 
1910.5g, 755.5g and 554.Ig respectively. This showed that hardness was 
found to decrease by increasing the levels of heart. Similarly the increasing 
fat level also reduced PPF and so hardness of product. Increasing heart and 
fat levels significantly (P<0.05) decreased the hardness of sausage samples. 
• Following conclusion was drawn from the study: 
(i) Buffalo meat could be successfully used for development of fresh and 
fermented sausages. In fresh sausages, the colour of the product was not 
excellent particularly the colour of SHMP treated fresh sausage was a little 
dark. However, the aroma, texture, taste and juiciness were found to be in the 
range of 'like very much' to 'like extremely'. Other properties like pH, 
moisture content, TBA number and microbiological characteristics (total plate 
count and yeast and mold count) were also found to be with in safe limit for 28 
days during refrigerated storage (0° C). 
Semi dry fermented sausage was found to e in cherry red colour 
after fermentation, smoking and drying. Especially colour of sodium ascorbate 
treated sausage was more attractive and was liked by the panelist. Buffalo meat 
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semi dry fermented sausage were highly acceptable as reported by panelist 
during sensory evaluation. The score values of all attributes (colour, aroma, 
texture, taste and juiciness) were found in the range of 8-9, which represented 
either like very much or like extremely conditions. 
(il) Different levels of heart incorporation in lean meat (both for fresh and 
fermented sausages development) were studied to explore the utilization of 
edible by-product but without impairing the quality of final products. 
Incorporation of heart up to 20% (of the quantity of lean meat) level could be 
incorporated. Treatment of SHMP in fresh sausage increased water-binding 
capacity and therefore moisture loss rate during storage was less as compared 
to control sample. In fermented sausage, heart incorporation had important role 
in providing carbohydrate to culture micro flora. Heart muscle has 
carbohydrate (1.3%) while the lean meat has no carbohydrate. It was 
ascertained in one of the trial when carbohydrate source (dextrose+sucrose) 
was not added (due to mistake) in the mix for development of fermented 
sausage. The sample without heart could not carry out fermentation, which was 
detected by negligible change of pH. However, in case of heart-incorporated 
sample, there was a drop in pH by 0.7 units during fermentation, smoking and 
drying. Sodium ascorbate treatment improved colour due to reduction in 
metmyoglobin content. 
In fresh sausage, different levels of heart incorporation did neither 
decrease quality nor shelf life. It also did not significantly (p<0.05) affect the 
total plate count or yeast mol count. Heart incorporation decreased hardness (as 
measured by instrumental texture) and increased tenderness. Increasing levels 
of fat from 15% to 25% improved aroma, texture, taste and juiciness of fresh 
sausage. Quality of fermented sausages was also not affected significantly 
(p<0.05) by incorporation of different levels of heart. . Heart incorporation 
decreased hardness (as measured by instrumental texture) and increased 
tenderness. Aroma, texture, taste and juiciness were improved by increasing the 
level of fat. 
15 
(iii) Shelf life of fresh sausage was found to be 28 days at O'' C while the shelf 
life of semi dry fermented sausage samples were found to be 60 days at 4°C. 
Fermented sausages were found to be more stable as compared to fresh 
sausages because of low moisture and reduced pH. 
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Introduction 
CHAPTER! 
INTRODUCTION 
Meat and meat products make important nutritional contribution to the diet 
of the people. Significant percentage of the recommended dietary allowances for 
proteins vitamins-B, magnesium, iron and zinc are contributed by red meat and 
poultry (Pearson and Brooks, 1978). Meat is also highly desired food, which 
frequently is the center of meal all around the world. Meat is composed of water, 
fat, protein, minerals and small proportion of carbohydrate. It is recognized as a 
highly nutritious food being an excellent source of high quality protein, containing 
a good balance of the essential amino acids and having high biological value. Meat 
also contributes significant percentage of number of other minerals including 
sodium, potassium and magnesium. The composition of meat from various sources 
is given in Table 1.1 
The annual per capita consumption data are usually based on carcass weight 
data, so these figures are probably about two to two and one half times than that 
actually consumed. Meat industry in India has enormous potentials India possesses 
vast livestock resources amounting to about one eight of world's live stock 
population (FAO, 1998). India accounts 56.5% of world's buffalo population, the 
most consumed source of meat. 
Not withstanding to this vast potential, the total meat production of the 
country in 1998, was only about 2% of the world's total meat production. The 
reason for this very small contribution is lack of meat breeds, lower carcass weight 
per animal and majority of abattoirs are in traditional forms and in very poor 
hygienic conditions leading to a significant post harvest loss and quality problems 
in finished meat based products. However, it is encouraging to see that present 
meat production (4.59 million tonnes) in India has surpassed the target of 2.5 million 
tones in 2000 AD which was earlier fixed by National Commission in Agriculture in 
Introduction 
Table 1.1 Percent Composition of foods of animal origin 
Food 
Meat, Beef, 
medium fat 
Veal, medium fat 
Pork medium fat 
Lamb medium fat 
Horse medium fat 
Poultry chicken 
Duck 
Turkey 
Carbohydrate 
1.0 
Protein 
17.5 
18.8 
11.9 
15.7 
20.0 
20.2 
16.2 
20.1 
Fat 
22.0 
14.0 
45.0 
27.7 
4.0 
12.6 
30.0 
20.2 
Ash 
0.9 
1.0 
0.6 
0.8 
1.0 
1.0 
1.0 
1.0 
Water 
60.0 
66.0 
42.0 
56.0 
74.0 
66.0 
52.8 
58.3 
(Source-Pearson & Gillett, 1997) 
1976. There has been an over all increase of 19.22% in meat production in India from 
1991-98 as compared to 21.06% in the world. Besides, there is an annual growth rate of 
30% in India for meat export. This indicates that meat industry in India is gaining 
momentum. 
The increase in meat production gives rise to various problems in 
handling, processing, preservation and storage, marketing and distribution till it 
reaches to the consumer table. These problems can be solved through research and 
development and the persons involved in the meat industry need significant 
training to improve their traditional skill. Approximately 70% of the countries 
population consumes meat. The food animals generally used for production of 
meat comprise of cattle buffalo, sheep, goat and poultry. Table-1.2 shows number 
of animals slaughtered, carcass weight per animal, quality of meat produced by 
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different meat animal species and their present share in total meat production with 
respect to India. Looking in to the carcass weight per animal in the country is 
much below the world average in cattle and where as reaching to the world 
average in buffalo, sheep and goat. About 60% of meat production in the country 
is from cattle and buffalo; about 10% from goat where as about 5% is produced 
from sheep. World meat production has been represented in Table 1.3(a) including 
developing and developed countries). 
Table-1.3 (b) shows the percent increase in meat production in India from 
different source including buffalo goat cattle, and sheep. For comparison sake, the 
relevant data pertaining to total meat production in the world are presented in 
Table 1.3(a) and (b). Table 1.4 shows the growth in meat export from India. 
Meat industry, although is in developing stages in India, but the meat industry 
is the topmost food industry in the world. World meat scenario reveals that Europe 
leads in production followed by Asia, developed countries (N. America, Europe 
and Ocama contribution about 60% to total meat production but they have a 
monopoly in meat exports are being shared by European countries alone while 
only 6.5% by Asia. India's share in export of meat trade in only 1.41% of total 
world meat trade. 
Table-1.2 Number of animals slaughtered and meat production in 1998 
Species 
Cattle 
Buffalo 
Sheep 
Goat 
Pigs 
Poultry 
Number 
Slaughtered 
(millions) 
13.4 
10.2 
18.5 
45.8 
13.4 
-
Percent of 
population 
6.38 
11.08 
32.83 
37.99 
83.63 
-
Carcass 
weight 
Kg/AN 
103 
138 
12 
10 
35 
-
Meat 
production 
(000 MT) 
1378 
1403 
222 
458 
469 
527 
Percent share 
in total Meat 
production 
30.02 
30.57 
4.84 
10.00 
10.22 
11.48 
FAO (1998) 
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However, the share of meat production is only 2 % of the world's total 216.2 
million tonnes (FAO, 1998). Despite India's vast live stock resources and huge 
share (about 12%) in world's livestock population, the export share of meat is very 
meager. Buffalo meat alone contributes 85% of total meat export from India. It is a 
good source of quality protein, vitamin of B-complex group, minerals like iron, 
zinc and magnesium (Jane Bower, 1992). It is also the cheapest muscle food in 
India ($5.0 per 5kg). Therefore, there is tremendous scope for export of buffalo 
meat and its ready to eat products. With the development in refrigeration and 
freezing, the meat processing has taken sharp turn and now all types of convenient 
meat products like kabab, chicken, biryani, tandoory chicken, meat tikki, samosa 
and kofta, steak, hamburger, restructured meat, luncheon meat, patties, sausages, 
hot dog, frankfurters etc. are available round the year. With the advancement of 
technology, manpower has become the important factor in the development 
process. Lately India's situation is changing in favour of processed meat products 
especially in metro and big cities due to changing life style. 
Table- 1.3a World Meat Production 
Developing/Developed 
country 
DEVELOPING 
COUNTRIES 
Poultry Meat 
Pig Meat 
Bovine Meat 
Sheep and Goat meat 
Other meat 
DEVELOPED 
COUNTRIES 
Poultry Meat 
Pig Meat 
Bovine Meat 
Sheep and Goat meat 
Other meat 
2000 Million 
tones 
129.5 
35.2 
53.9 
29.7 
8.1 
2.7 
104.9 
32.4 
37.4 
30.1 
3.4 
1.6 
2001 Million 
tonnes 
132.8 
36.3 
55.4 
30.2 
8.2 
2.7 
104.3 
33.2 
37.1 
29.1 
3.3 
1.6 
2002 Million 
tonnes 
137.3 
37.7 
56.9 
31.3 
8.5 
2.8 
105.3 
34.0 
37.8 
28.7 
3.2 
1.6 
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Buffalo meat can be very well used for the production of sausages, a ready 
to eat and ready to heat and serve product. Sausage is a food that is prepared from 
comminuted and seasoned meat and is usually formed into a symmetrical shape. 
The word sausage is derived from the latin salsus, which means salted or literally 
meat preserved by salting. 
Table-1.3b Meat production in India and the world (in million tonnes) 
Species 
Beef 
Buffalo meat 
Mutton & lamb 
Goat meat 
Pig meat 
Chicken 
Total livestock 
World 
1991 
52.71 
32.73 
6.99 
2.65 
69.66 
40.80 
178.59 
1998 
53.69 
2.96 
7.52 
3.68 
84.19 
60.24 
216.20 
% Increase 
1.86 
32.73 
7.58 
38.86 
20.85 
47.64 
21.06 
India 
1991 
1.25 
1.12 
0.18 
0.43 
0.42 
0.33 
3.85 
1998 
1.38 
1.40 
0.22 
0.46 
0.47 
0.53 
4.59 
% Increase 
10.40 
25.00 
22.22 
6.97 
11.90 
60.60 
19.22 
Source: FAO (1998) 
Table 1.4- Meat Export from India 
Year 
1991-92 
1992-93 
1993-94 
1994-95 
1995-96 
1996-97 
1997-98 
Quantity (thousand tonnes) 
95.0 
100.0 
116.2 
127.1 
168.3 
166.3 
182.9 
Values (Rs. crores) 
230.00 
330.00 
361.54 
391.80 
611.43 
690.08 
791.03 
Sausage making had developed over a number of centuries, beginning with the 
simple process of salting and drying meat (Tauber, 1976). This was done to 
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preserve fresh meat that could not be consumed immediately. The typical flavours, 
textures, and shapes of many sausages known today such as frankfurters, 
braunschweiger, and salami were named due to geographical location of their 
origin. Some sausages are smoked after preparation and cooked before 
consumption. Fresh sausages are uncured, comminuted, seasoned and usually 
stuffed into casing and cooked before serving like Bratwurst. Cooked sausages are 
cured/uncured meats, comminuted, seasoned, stuffed into casing, cooked and 
sometimes smoked usually and served cold e.g. Liver sausage, Braunscweiger and 
Liver cheese. Cooked smoked sausages are prepared from cured meats, 
comminuted, seasoned, and stuffed into casing, smoked and fully cooked and do 
not require further cooking before serving like Frankfurters, and Cotto Salami. 
Uncooked smoked sausages are prepared from fresh meat, cured or uncured, 
stuffed, smoked but not cooked. It must be fully cooked before serving e.g. 
Metwurst, and Smoked country sausages. Fermented sausages are very stable meat 
products and are prepared from the comminuted mixture of mainly meat, fat, salt 
and spices and then allowed to go fermentation under strict conditions of 
temperature and humidity. The products finally take the composition of 
intermediate moisture food with low pH as a result of lactic acid production during 
fermentation. Fermented sausages are either dry or semi dry sausages. Dry 
sausages are prepared from cured meats, air dried, may be smoked before drying 
and served cold, like Pepperoni, Bologna and Genoa Salami. 
A variety of semi-dry and dry fermented sausage can be produced using 
single species cultures of Pedicoccus cerevisiae, Pedicoccus pentosaceus, 
Lactobacillus plantarum, or Penicillium Spp. or mixture of Pedicoccus cerevisiae 
and L.plantarum or P. cerevisiae and Micrococcus varians(Smith and Palumbo, 
1983).The major role of lactic acid bacteria is to produce lactic acid rapidly and 
reliably from sugars, usually glucose which has been added to the sausage mix. 
Lactic acid lowers product pH, enhances keeping qualities, imparts a tangy 
flavour, and denatures meat protein, which along with water loss gives the desired 
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Table-1.5 Sausage consumption (pounds per person per year) 
Year 
1971 
1977 
1982 
1987 
1992 
Franks 
5.9 
6.8 
5.9 
6.2 
6.4 
Fresh 
3.7 
4.2 
4.3 
4.2 
4.4 
Dry 
1.5 
1.7 
1.9 
2.5 
3.3 
Other smoked 
or cooked 
9.4 
9.3 
7.7 
7.9 
7.9 
Jellied goods 
1.1 
0.4 
0.4 
0.4 
0.2 
Source: U.S. Department of commerce; Business Trend Analysis 
texture associated with fermented sausage. It also improves efficiency of cured 
colour, thus contributing a more intense and cured colour. Micrococcus varians is 
added to improve flavour and colour of fermented sausage. 
Pepperoni is one of the most popular fermented meat sausages in the United 
States, with annual consumption exceeding 370 million pounds. Fermented meat 
products such as pepperoni and salami etc. are deliberately or naturally inoculated 
to ensure sufficient microbial growth, and subjected to heating and/or drying 
processing cycles to alter specific products characteristics (decreased pH, moisture 
protein ratio, moisture content etc.) and prolong shelf life. 
Commercially high quality comminuted beef and/or pork trimmings are 
typically mixed with dextrose or similar carbohydrate sucrose, salt, sodium 
erythorbate, sodium nitrite, antioxidant spices and a single or multiple spices, 
lactic starter culture and allowed to ferment to a specific pH end point (4.7-5.1). In 
some cases indigenous micro flora serves as the inoculum. 
Typically, homoferment lactic acid-producing bacteria predominate in most 
of commercial meat starter culture are known for their preservative effects. Yeast 
and molds have limited applications to fermented meat products in the US and 
when used primarily contribute flavour compounds. Use of commercial meat 
starter cultures in fermented meat products is relatively recent practice compared 
to their use in other fermented foods, such as dairy products, beverage and bread. 
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Fermented sausages are generally safe from botulism, probably as a result of 
pathogen inhibition from lactic acid generated by lactic acid bacteria (LAB) in 
conjunction with fermentable carbohydrates and nitrite. Numerous LAB are 
effective in preventing Clostridium botulinum growth and toxin production, but 
only in the presence of nitrite and glucose. Because LAB, such as Lactobacillus 
plantarum have been shown inhibitory to C. botulinum. 
In above reference of the present study pertains to utilization meat by-
products and residues which is vital aspect of meat industry, which has not 
received much attention in developing countries including India. At present most 
of animal by-products is either going waste or utilized very little. The utilization of 
animal by-products is one possible method by which the meat industry can 
improve their poor operating margin and economy. The proper disposal of such 
organic wastes is also of major importance both in terms of maintenance of 
environment and economic production of human food and animal feed. 
Amongst various types of wastes and by-products, edible meat by-products 
are a diverse group of animal tissues that vary widely in composition, functionally, 
the amount of further processing required and in their potential uses. Edible 
byproducts like lever, kidney, heart, spleen etc. may be used in sausage 
formulation for the reason that some of them have significant nutritional value. 
The quality of sausages made from meat incorporating meat byproducts residues 
also called offal, may be important in accepting offal as raw material for sausages. 
Meat products like all man's foodstuff, is acceptable to other organism 
especially microorganism which are spread over the environment and therefore 
susceptible to invasion by them. Their invasion on meat and meat products bring 
qualitative changes and lead to spoilage. 
Microorganisms on meat are important for three reasons: 
1. Some organism may be pathogenic and able to produce disease in man 
2. Some may cause spoilage of meat and 
3. Some may be used as indicator organism 
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Microbial standards as laid down by international legislation are true 
representative of freshness of meat and meat products. It is imperative to 
understand the microbial characteristics including spoilage and pathogenic 
microorganisms, which may possibly take growth in meat and meat products. 
Ranken and Kill (1993) described the microbial quality of meat products in terms 
of microbial count per gram as- 10 -^ excellent quality (laboratory conditions), 10'*-
good commercial quality, 10 - rejection limit in many commercial contracts, 10 -
meat and meat product smells, 10 -^ meat becomes slimy. 
Spoilage of chilled, raw meat is caused mainly by growth and metabolic 
activities of psychotropic aerobic organism such as pseudomonad, moraxellas and 
altermonads. When raw meats are vacuum packaged the principal's micro flora 
that develops during chilled storage consist of lacteal bacteria together with a 
varying population of Brocothrix thermosphacta, psychotropic Enterbacteriaceae 
spp. The extent of population of these later groups of organism on vacuum-
packaged meat is dependant on the pH of tissues, oxygen permeability of the 
packaging film of tissue, and temperature of storage. This entire organism can play 
some role in the determination of quality and shelf life vacuum packaged fresh 
meat. The presence of E.Coli on the carcass implies that other organism of fecal 
origin including salmonella may be present. There is no absolute count of E. coli 
on carcass that implies salmonella or other pathogens will be present. Obviously, 
many animals will have E. coli with their intestinal tract but no salmonella. 
Salmonella have been isolated for samples taken from carcass in which E. coli 
count ranged from 0.1 to 1800 per cm (Grau, 1979) and the count of 
enterobactericeae ranged from 20 to more than 1000 per cm . Nevertheless with 
there reservations E. coli and Enterobactericeae) can be useful in the definition of 
stage of slaughtering and dressing responsible for contamination and the sites on 
the carcass most likely to be contaminated. 
The principal pathogenic organisms of concern on meat are those able to cause 
food poisoning. Food poisoning in caused by two different microorganisms. In 
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food-borne infection, the organisms are invented with the food and grow in the 
intestinal tract causing diarrhea, vomiting, nausea and/or abdominal pain. 
In the second type of food poisoning, the microorganisms growing in the 
food accumulate toxins, which cause intoxication the food ingested (e.g. 
Clostridium, Staphylococcus aureus and Bacillus aureus). 
There are chances of contamination of meat and meat products during 
slaughtering, handling and processing. The person, equipment and machineries are 
potential source of microbiological penetration in the developed products. The 
most important part of production of meat and meat products is to make the 
system hazard free. The industry environment must be hygienic and to ensure the 
safety and security, hazard Analysis Critical Control Point (HACCP) system 
should be followed. 
Sausages are packed in natural and artificial casing, which provide size and 
shape. Casing serves as processing mold, as containers during handling and 
shipping and merchandising it for display. The sausage are packed or stuffed in 
natural or artificial casing. The natural casing is preserved in salt solution. The 
artificial are of different types i.e. cellulosic, non-edible collagen and plastic and 
are to be peeled before consumption. Casing must be sufficiently strong to contain 
the meat mass but have shrink and stretch characteristics that allow contraction 
and expansion of the meat mass during processing and storage. Casing must 
withstand the forces produced during stuffing, linking, and closure. 
The quality of meat and meat products is determined by the colour, flavour, 
texture, tenderness, and water holding capacity, juiciness and lastly the nutritional 
and hygienic aspect. 
The quality of meat taken for product preparation however depends on 
several factors viz. animal, breed, sex, age, pre-slaughtering conditions, post 
slaughter conditions, treatments and storage temperature. The quality is ultimate 
criterion of desirability of any food product and also for meat products to any 
consumer. Sensory quality parameter is of great importance to both processor and 
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consumer- to the processor, since it attracts the consumer; to the consumer, since it 
satisfies his aesthetic and gustatory sense. Sensory quality is a combination of 
different sense of perception coming in to play in choosing and eating meat 
product (Ranganna, 1994). Different attributes like appearance, flavour, aroma, 
taste, juiciness and texture are included in sensory quality evaluation. 
Considering various issues as described above, literature survey indicated 
that there is a paucity of information regarding the utilization of buffalo meat and 
its edible by products like heart in sausage production. Heart is most suitable for 
production of sausages as it contains sufficient carbohydrate, which is necessary 
part in many types of sausages especially, fermented sausage. This concept was 
basically taken for origination of research work on halal sausage. The following 
objectives were taken to carry out the research work-
(i) To develop fresh and semi dried fermented sausages using buffalo lean meat, 
fat, using different levels of heart and fat, keeping the levels of other ingredients 
constant 
(ii) To evaluate physico-chemical, microbiological, sensory and textural 
characteristics of the products. 
(iii) To evaluate the shelf life of the products (fresh and fermented sausage) under 
refrigerated conditions. 
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CHAPTER-2 
LITERATURE REVIEW 
This chapter presents an in depth study of the various issues relevant to 
present study. 
2.1 Some popular meat products and sausage 
Buffalo meat is making considerable head way as popular meat in several 
countries. It is consumed either as fresh meat or in the form of processed products 
viz. kabab, chicken, biryani, tandoory chicken, meat tikki, samosa and kofta, 
steak, hamburger, restructured meat, luncheon meat, patties etc. It is also suitable 
for preparation of sausages. Products like corned beef and soup concentrates are 
made commercially from buffalo meat. In India genius meat products like Seekh 
kabab, Shami kabab and Kofta are popular. Considerable quantities of variety 
meat products in India are being used in traditional manner. 
Sausage made from buffalo meat developed a dark brown colour and lost 
visual appeal on cooking. The acceptability of Chinese style salami sausages made 
from buffalo meat could be fiirther enhanced by improving the colour (Almira and 
Siscn, 1975). Buffalo meat patties containing hydrogenated vegetable oil 15 and 
20% level of combination of 10% vegetable oil and 5% buffalo fat had better 
organoleptic acceptability, but incorporation of 15% or 20% buffalo fat alone 
resulted in mouth coating (Padda et al., 1986). In general the meat products 
manufactured from buffalo meat possesses dark color and mouth coating as two 
major problems, which need to be solved successfiilly. 
2.2 Some sausage products 
2.2.1Coarse - ground sausage 
The manufacture of coarse-ground products such as fresh pork sausage, semidry 
and dry sausage is described here below: 
(i) Fresh park sausage: Fresh pork sausage is prepared by selecting fresh, chilled 
pork, trimmings approx 65%) lean and grounding the trimmings through a 'A to 1 in 
plate. To 100 lb trimmings add 1.5 lb salt, 3.0 oz cane sugar, 2 oz sage, 0.25 oz 
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ginger, and 4 oz white or decorticated pepper. These are blended in a mixer and 
finally passed through a 0.25 in. plate. The ground mixture is transferred to a 
piston stuffer and stuffed into sheep, hog, or collagen casing. Cloth bags, 
cellulosic casing and plastic pouches are sometimes used 1 to 6 lb units. 
The stuffed casing is linked and draped on a smoke sticks and showed with 140-
150°F hot water for 5 s to melt any fat adhering to the casing inner wall. When the 
internal temperature reaches 10°-15°F the sausage is packed by splitting the casing 
with a Knife blade and removing the split casing. 
(ii) Low acid sausage: In the case of low acid products, high temperature drying 
may be utilized to lower the water activity and to inactivate the microbial flora. 
Drying at high temperature is common in production of some semidry Chinese 
sausage. Drying is accomplished more slowly and increases the sah concentration 
so that the water activity (aw) reaches less than 0.90 for long cured hams. The 
moisture content of low acid fermented meats may be as little as 18 to 22 %. The 
total weigh losses during processing may be as high as 40 to 50 %. The end 
products may have a water activity as low as 0.40 for dry sausage or 0.65 for 
semidry sausage. 
(iii) High acid sausage: In this type of sausage preparations, carbohydrates are 
necessary for fermentation, so are commonly added at the rate of 0.3 to 0.7 % by 
weight. The water activity of high acid sausage must be lower than 0.95 to prevent 
microbial spoilage. Dry sausage shall have an aw of about 0.40 and semidry 
sausage about 0.65 to 0.70. This is usually accomplished by adding starter cultures 
or sometimes by the addition of bacteria in a meat culture commonly known as 
back slopping. Today commercial cultures of bacteria selected for their ability to 
produce acid are commonly used. These cultures are either pure or mixed cultures 
of lactic acid producing bacteria such as lactobacillus, pediococus cervical, or 
Micrococcus species which are capable of reducing the added carbohydrates to 
lactic acid. 
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(iv) Semidry sausage: Semidry sausage is usually made from coarse ground pork 
or beef or a mixture of the two and is characterized by a moisture content 
averaging 40 - 45%. Dextrose (glucose) should be added at a level of 6 to 12 g per 
100 lb of meat for bacteria to use in forming lactic acid. A variety of sausages are 
included in this group viz. summer sausage, goteberg, cirvelat, thuringer, and 
holsteiner. They have excellent quality with little refrigeration because (1) some 
reduction in microbiological contaminants is achieved in the cooking process. (2) 
a high salt to moisture ratio contributes to retarding bacterial growth, (3) a low pH 
of 5.3, provides the tangy flavour and serves protective function. 
Summer sausage is prepared by grinding pork trimming through a % in 
plate and beef trimmings a 1/8 in plate. The ground meats are placed in a mixer 
and salt, sugar, spices curing agent and starter culture are added and mixed for 2 to 
3 min. stuffing is done with a warm water shower for 2 min. to wash the sausage 
surface free from any adhering particles. The sausages are smoked for 16 hr at 
110° F. 
(v) Dry sausage: Semidry sausage are smoked and cooked to varying degrees, 
whereas dry sausage is not cooked. Fermentation is common to the production of 
both semidry and dry sausage. 
The manufacturing of dry sausage is more difficult to control than that of 
semidry or more conventional type sausage. 
The initial dry sausage mixes are held under specified conditions of refrigeration 
to establish a medium for bacterial culture. After this the mixture is stuffed into 
casing of suitable size. During the drying cycle the products lose about 25-30% of 
their weight. The temperature relative humidity and airflow must be controlled so 
that drying properly takes place. Hand salami is cooked, Genoa is simply air-
dried, while pepperoni may be either cooked or air-dried. 
A dry sausage prepared in a beef bladder illustrates very precisely the 
problems and limitations when sampling dry sausage. The surface or periphery is 
considerably different in composition from the center of the product. This 
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condition occurs in sampling ail types of sausage but is more pronounced in dry 
sausage. 
2.3 Protein matrix functionality 
The manufacture of comminuted processed meat products is dependent on 
the formation of the functional protein matrix within the product. The properties of 
this matrix, which are different for each class of processed meats, give the product 
its characteristics texture and bite. 
Saffle (1964) described the basic structure of a meat emulsion as a mixture 
in which finely divided meat constituents are dispersed as a fat in water emulsion 
with the discontinuous phase as fat and the continuous phase as water containing 
solublized protein components. The water and salt soluble proteins of the meat 
emulsify fat globules by forming a proteins matrix on their surfaces (Swift and 
Sculzbacher, 1963). These proteins accomplish the function of stabilization 
because of the presence of reactive groups that are oriented across the fat water 
interface. (Becher, 1965) concluded that the binding quality of emulsion type 
sausage is an outcome of the heat denaturation, and accompanying changes in 
solubility of these emulsifying proteins. 
The mechanism of binding between meat chunks could be similar to the 
mechanism behind the heat initiated emulsion stabilization in finely chopped 
sausages. However, the major difference would be that in emulsion sausages. 
Large chunks of meat are present. The binding between chunks of meat is a 
phenomenon involving structural rearrangement of solubluized meat proteins. A 
loose protein structure is built up from previously dissolved protein. 
Protein gels are formed by intermolecular interaction resulting in a three 
dimensional network of protein fibers that promotes structural rigidity. The 
continuous intermeshing system of protein molecules holds or traps water. Critical 
parameters important to the type of gel formed include temperature, pH, salt and 
protein concentration. These parameters alter the degree of cross binding by 
changing the quarter nary structure of the protein or the charged distribution of the 
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polymers molecules. It is flexibility of the polymer molecules and the numbers of 
connection between them that determine the elastic/plastic nature of the gel 
structure. (Paul and Palmer, 1972). 
Hassan et al. (1998) conducted research work on effect of different 
additives on the equality of low fat cooked emulsion sausage of beef. He selected 
seven treatments. Besides control, six samples were prepared to study the 
influence of sodium diphosphate, soy protein isolate emulsion, dry soy protein 
isolate, sodium caseinate emulsion, dry casein and modified starch. He observed 
that moisture and moisture protein ratio were relatively high, while protein, fat and 
connective tissue contents and water activity (aw) were relatively low. Colour 
brightness and total organoleptic scores showed that disodium phosphste was the 
best among the treatments, dry soy protein isolate developed a beany flavour. The 
aw values were low particularly for the diphosphate treatments nevertheless, 
sodium diphosphate and dry sodium caseinate treatments gave the best results. 
Sen (1999) conducted studies on comparison of mutton, rabbit and their 
combination of meats for sausage processing. He concluded that mutton produced 
significantly (p<0.05) less stable emulsion than did either rabbit or combination of 
mutton and rabbit (50:50). He carried out studies on phyico-chemcial and sensory 
parameters and reported that the water holding capacity (WHC) of rabbit meat was 
superior (p<0.05) to that of mutton while its fat content was lower (p<0.05) as 
compared to mutton or combination of meat sausage. The mutton sausage was 
darker red and firmer (p<0.05) than the rabbit sausage confirmed by Hunter lab 
and Instron reading. He concluded that flavour, juiciness and tenderness (p<0.05) 
of rabbit sausage was comparable to combination meats and slightly inferior to 
those of mutton. However over all palatability score were higher (p<0.05) in 
mutton sausage and the product prepared from chicken (Hargus et al. 1970; 
Schnell et al.l972), chicken and rabbit (Baker et al.l972), mutton (Marshell et al., 
1977) and chicken, pork and rabbit (Mendiratta and Panda, 1992). They also 
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carried out studies on combination of meats for various products such as 
frankfurters and patties (Anjaneyulu et al., 1990). 
2.4 Meat ingredients functionality 
Some meat has a very high myosin content and through appropriate technology 
this myosin can be extracted and utilized to enhance the quality of finished 
products (Webb 1974). Meats that are high in stromal protein or collagen have the 
lowest functionality. Meats that are high in fat also have a very low functionality. 
Fat is an important constituents of meat products. Fat content affects the 
tenderness and juiciness of sausage. The degree of fat dispersion within the 
product affects the product appearance and texture. The basic process is one of 
bacterial fermentation to produce lactic acid. Originally wild bacterial were used 
to ferment the sausages. 
The technique of "back slopping" has been replaced to a large extent by the 
use of starter cultures. The starter cultures are usually a mixture of Lactobacillus 
and Carbohydrate (Acton, 1978). 
Chemical acidultants such as glucono-8 lactones have been used alone or in 
combination with starter cultures to decrease pH and create the acid tangy taste 
(Terrell 1978). 
Numerous authors have provided extensive and detailed reviews of 
technology of meat fermentation, fermented products, and starter culture 
technology (Bacus and Brown, 1981; Smith and Palumbo, 1983). 
Research opportunities in meat fermentation include food safety and health 
concern, economic incentive for efficient production, evolving government 
regulations and public concern about meat products in general. These issues can 
be grouped in to three general categories (a) regulatory requirements (b) the need 
for technological innovations that enhance the quality and production efficiency; 
and (c) enhancement of meat product nutrition and quality. The latter may be 
accomplished through development of cultures which provide essential nutrients, 
increase nutrient availability in situ via fermentation through improved utilization 
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of non traditional meat sources (fish pastes and sauces), accelerate curing of 
traditional meat products, generate natural antioxidant to inhibit mutagen 
formation and produce antimycotic agents for mold inhibition. These suggestions 
are examples, which offer opportunities to improve fermented meats develop and 
expand existing market and reduce processing cost. 
The fermentation and drying of a comminuted mixture of mainly meat, fat, 
salt and spices, stuffed in to a casing is a traditional means of meat conservation. 
Several recent excellent reviewers have underlined the complexity of changes 
determining flavour and safety, the major quality characteristics of fermented 
sausages (Montel, et al., 1998, Verplaetse, 1994). Northern and Mediterrenean 
products are characterised by specific flavours and safety both in "Mediterrenean" 
and "Northern" products. Demeyer et al., (2000) brought extensive research 
activity on control of bioflavour and safety in fermented sausage, two using 
Mediterranean technology (Belgium and Italy). They reported that Mediterranean 
sausages showed higher values and highest residual amounts of myosin and actin. 
Free fatty acid concentration reflected the nature of raw material, rather than the 
ripening period. Italian sausages contained the highest amount of hexanol. 
Norwegian sausages contained highest amount of both free fatty acids and free 
amino acids. Mediterranean sausages were characterized with "popcorn odour" 
identified as 2-acetyl-pyrroline. They also noticed that bacteria showed antioxidant 
activity, enhanced by the presence of magnese. 
2.5 Effects of treatments on qualities of meat and meat products 
According to Grabien and Raeuber (1988) sodium chloride and phosphate as well 
as the regime of water addition may cause an improvement in the water holding 
capacity (WHC) and sensory attributes. Riechert (1992) reported the importance 
of water binding by meat proteins for quality of meat products like sausage with 
special reference to the adverse effects of cations present in water besides the 
beneficial effects of ice on the equality of sausage and other meat products. 
Sodium chloride (NaCl) has three major functions in processed meat products: 
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solublises proteins to create desired textute, provides flavour, and controls 
microbial growth (Ingram and Kitchell, 1967). 
Hand et al. (1987) advocated that up to 35% of the total 2.5% NaCl in 
beef/pork or turkey frankfurters canb replaced by KCl or MgCl2 without changing 
the over all acceptability of a freshly made poduct; however after six weeks of 
storage the two NaCl replacement treatments were found inferior as compared to 
2.5% NaCl treatment with respect to over all acceptability. Replacement of 50% of 
the total 2.5% NaCl with KCl or MgC^ plus phosphate addition was reported 
acceptable in bologna (Seman et al., 1980) 
Puolanne et al. (2001) conducted studies on combined effects of NaCl and 
raw meat pH on water holding capacity in cooked sausage with and without added 
phosphate. They reported that pH value of raw batter increased to a level of 0.7 
units higher than the pH values of the respective meat mixtures. The increase was 
higher in lower pH values, with higher salt levels and with added phosphate. 
Maximum WHC was reached in 2.5% NaCl in all pH values both with and 
without added phosphate. The pH-values of meat raw materials for the maximum 
water holding capacity were 6.3. The combined effect of salt and pH is important 
in high salt content and low pH-values. By 2.5% NaCl, when the maximum WHC 
was obtained, raw meat pH has the largest effect, but in low NaCl contents, (below 
1.0%) only a minor effect in pH-values below 5.9 and above that, showed almost 
no effect. Approximately the same WHC as with 2.5% NaCl in pH 5.7 can be 
reached with 1.5% NaCl in pH 6.1 and above. 
Anjaneyulu et al. (1994) conducted studies on the effects of salt and 
polyphosphates blends on quality of buffalo meat patties under hot, chilled and 
frozen condition. They reported that addition of salt+polyphosphphate increased 
significantly (P<0.01) pH, water holding capacity, emulsion stability, yield and 
sensory attributes of patties, but reduced cooking losses irrespective of the 
methods of meat handling. They further noticed that chilling or freezing of ground 
buffalo meat, preblended with salt+polyphosphphate had no significant advantage 
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in terms of emulsion stability, yield and palatability of patties, in comparison to 
incorporation of salt+ polyphosphphate, while processing. 
2.5.1 Effects of antioxidants 
Not only microorganisms are the cause of major deterioration in meat and meat 
products, but lipid oxidation also poses severe problem in meat deterioration. The 
lipid oxidation leads to discoloration, drip losses, off odour, and off flavour 
development and production of potentially toxic compounds (Morrissey et al, 
1994, Gray et al, 1996). Meat and meat products have low oxidative stability. 
Control of lipid oxidations is major challenge for meat and food scientists. The 
oxidative effects can be minimized or prevented by chemicals/syntehtic 
antioxidant but for the carcinogenic and other adverse effects of BHA (Ito et al., 
1986), natural antioxidants are preferably better and avoid health risk. 
BHT (Takahasi, 1992), TBHQ (Van Esch, 1986) and other synthetic 
antioxidants, the health conscious meat consumers now disapprove the use of 
chemical preservative is meat foods because of their residual effects. Naturally 
occurring antioxidant vitamin C and E are very effective in controlling oxidation 
of meat and meat products. 
Lipid oxidation is major cause of chemical spoilage in food system. To 
avoid or delay this auto oxidation process antioxidants have been utilized with the 
practice being carried successfully for over 50 years Cuvelier et al., (1994). 
Synthetic antioxidants butylated hydroxyl toluene (BHT) and butylated 
hydroxyanisole (BHA) are commonly used as food preservative (Verhagen et al., 
1990) and thus consumed in appreciable quantities by humans (Nun et al., 1991). 
However use of such compounds has been related to health risk resulting in strict 
regulation. BHA has been shown to cause lesion formation in the rat for stomach. 
More over, several studies have shown that BHT may cause internal and external 
haemorrhaging at high doses that is severe enough to cause death in some strains 
of mice (Shahidi «fe Wanasundara, 1992). 
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Vitamin C (Ascobic acid) acts as an antioxidant by inhibiting radical 
formation at double bond of mono or poly-unsaturated fatty acids, quenching free 
radicals, scavenging oxygen and serving as reductant (Cort, 1982). The multiple 
effects of ascorbic acid include (a) hydrogen donation to regenerate the stable 
antioxidant radicals, (b) metal inactivation to reduce the rate of initiatioln by metal 
(c) hydroperoxide reduction to produce stable alcohals by non radicals processes 
and (d) oxygen scavenging. 
Sodium ascorbate, when added to ground beef at 500 ppm level, showed 
lower surface and extract metmyoglobin content of 26.67% and 24.5% 
respectively during 7 days illuminated display at 4°C whereas control sample had 
corresponding values of 60 and 70%, respectively (Mitsumoto et al., 1991b). 
Vitamin C incorporation maintained good colour in ground beef up to 5 days 
refrigerated display (Shivas et al., 1984) when added at concentration of 500 ppm 
and 1000 ppm as determined by visual colour scores and spectrophtometric colour 
analysis. Ground buffalo meat containing 500 ppm of sodium ascorbate (SA) has 
significantly higher colour score, lovi bond tintometer red colour units and lower 
metmyoglobin contents as compared to other level of SA. The metmyoglobin was 
positively correlated with thiobarbituric acid reacting substances (TBARS) 
number (Sahoo and Anjaneyulu, 1996a, 1997a). In ground buffalo meat, sodium 
ascorbate(500 ppm) had significantly higher pH, lower cooking loss as compared 
to other levels of sodium asborbate (Sahoo and Anjaneyulu, 1997a). Ascorbate 
addition proved beneficial in curing meat products (cooked ham, smoked beef 
sausages), as it helped to reduce the nitrite contents to less than 5% and the 
residual nitrite could be maintained at lower level. 
Vitamin E as an antioxidant has now received much attention for its 
ability to maintain meat colour, extend shelf life, improve tastes, reduce drip 
losses and offer health benefit (Armstrong, 1993), reduced heart risk in uses of 
vitamin E supplementations (Stampfer et al., 1993, Rimm et al., 1993), and 
reducing susceptibility of food lipoprotein to oxidations. (Jialal and Grundy, 1992) 
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have encouraged many food scientists to have concerted research efforts in the 
area of vitamin E supplementation either through diet of meat animals or by 
exogenous addition, or by directly adding to the foods for increasing lipid stability 
during storage and improving flavour and taste of meat products. Vitamin E had 
been used success fully to enhance product quality and to extend shelf life during 
storage condition of buffalo meat nugget and ground buffalo meat (Asghar et al., 
1991). 
Verma and Sahoo (2000) carried out research work on improvement in the 
equality of chevon during refrigerated storage by tocopherol acetae (TA) 
preblending. They reported that optimum level of TA for improving the quality of 
meat was 10 ppm. They observed that 10 ppm TA preblending to chevon meat had 
significantly (P<0.05) higher water holding capacity, colour score, odour score 
and lower metmyoglobin (MMb) perent, TBARS number, peroxide value, free 
fatty acid percent and psychrotrophic plate count as compared to other levels of 
TA. 
Interactive effect of vitamin C and E has also been studied. The mixture of 
Tocopherol acetates TA, and Ascorbic acid (AA) exhibiting a strong synergistic 
effect is well recognized (Uri, 1981), Tappel et al., 1961). It was advocated that 
combined treatment of Tocopherol acetates (TA) and Ascorbic acid (AA) had 
better effects on quality of the beef loin steaks as compared to dipping the product 
in to ethanol containing solutions of a-tocopherol acetate or ascorbate alone 
during 13 days in cold room at 4°C (Okayama et. al., 1987). 10-ppm vitamin E and 
500 ppm vitamin C showed the strongest synergism to inhibit pigment and lipid 
oxidations of beef (Mitsumoto et al., 1991b). 
Antioxidants from natural resources have been effectively used to prevent 
lipid oxidation and deterioration of foods (Kikuzaki and Nakatani, 1993). Plant 
kingdom offers a rang of phenolic compounds, among which a-tocopherol 
(vitamin E) is best known as on of the most efficient naturally occurring liposluble 
antioxidant (Mallet et al., 1994). Several researchers recommended the use of a-
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tocopherol which is consumer friendly and an effectively lipid soluble chain 
breaking antioxidant (Faustman et al., 1992). Meat containing high contents of 
unsaturated fatty acids oxidizes more rapidly than either beef or lamb (Pearson, 
Love and Shorland, 1977). Precooked pork is more susceptible to lipid oxidation 
with warmed over flavour (WOF). 
Natural spices notably the Labitae family, are well known for their 
antioxidant properties and two plants namely rosemary (R) and sage (S) have been 
widely reported as having especially potent antioxidant effects (Bishov et al. 1977 
; Gerhardi & Shroter, 1983; Saito et al., 1976; Watanable and Ayano, 1974). 
McCarthy et al. (2001) conducted studies on the evaluation of the anti-
oxidant potential of natural food/plant extracts as compared with synthetic 
antioxidants and vitamin E in raw and cooked pork patties. They made trials with 
optimum levels of aloevera (AV), fenugreek (FGK), ginseng (G), mustard (M), 
rosemary (R), sage (S), soy protein isolate (SPI), tea catechins (TC), and whey 
protein concentrates. The optimum levels determined were AV (0.25%), FGK 
(0.01%), G (0.25%), M (0.10%),R (0.10%), S (0.05%), SPI (0.10%), TC (0.25%) 
and WPC (4%). They evaluated the test ingredients against synthetic antioxidants 
butylated hydroxyanisole (BHA/BHT) (0.01%) and a supplemented meat 
containing nautral antioxidant, a-tocopherol (1000 mg a-tocopherol acetate/Kg 
feed). Ranking the decreasing antioxidant effectiveness of added ingredients in 
raw patties on day 9 showed that: Control>G>SPI>FGK>AV>M>WPC>S>a-
tocopherol >R>TC> BHA/BHT. Cooking resulted in four-fold increase in TABRS 
values over raw patties with tea catechins being the most effective antioxidant 
having significantly (P<0.01) lower TABRS value than the cooked control on days 
3, 6, and 9. They reported that ranking of decreasing antioxidant effectiveness of 
added ingredients were as follows: M>SPI>G>FGK>a-tocopherol >AV> control 
>S>BHA/BHT>R>WPC>TC.BHA/BHT had the most beneficial effect on cooked 
meat redness. 
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Aguirrezabal et al. (2000) conducted studies on the effects of paprika, garlic 
and salt on rancidity in dry sausages. The evolution of rancidity in these products 
was evaluated by means of free fatty acids contents, peroxide value and TEARS 
during the ripening period. He reported that the paprika was even able to inhibit 
the pro-oxidant effect of salt. Also four batches of chorizo were made to compare 
the antioxidant effects of spices (garlic and paprika) with mixture of nitrate, nitrite 
and ascorbic acid. In this respect, paprika and garlic were as effective as mixture 
of additives in inhibiting lipid oxidation. 
Ockerman and Sun (2004) conducted studies on effect of different garlic 
products on Chinese-style sausage. They incorporated fresh garlic, garlic powder 
and essential oil of garlic in sausage formulation. They concluded that there was 
no difference between the effects of different garlic products on either total plate 
count or on oxidation value. However, the garlic oil resulted in lowest 
acceptability scores. They referred that there are lot of reports concerning the 
antibacterial and antioxidant effects of garlic on meat products (Jurdi-Haldeman et 
al., 1987, Al-Deaimy and Barakat, 1970, Dewitt et al., 1978, Lin et al., 1991E1-
Khateib and El-Rahman, 1987, 1987; Ismaiel and Pierson, 1990). 
The use of polyphosphates (PP) in processed meat products have been 
widely accepted due to their desirable effects. Food grade phosphates are 
incorporated in the formulations of meat curing brines, sausages, sectioned and 
formed meat products and restructured meat to improve the quality of processed 
products with respect to yield, water binding capacity, emulsion stability, colour, 
texture, flavour and to inhibit oxidative rancidity. 
Phosphates perform the following three basic functions (1) maintaining pH 
by buffering (2) sequester metal ions and (3) act as polyanions to increase the 
ionic strength of solutions. Orthophosphates are the best buffers. Buffering 
capacity is greatest for polyphosphates among PP and decreases with increasing 
chain length. Pyrophosphates are the best among the short chain PP for 
sequestering heavy metal ions such as iron and copper. 
24 
Literature review 
Pyro, Tripoly and hexa-metaphosphate have effective antioxidant effects 
(Tims & Watt, 1958). The PP provides protection against development of 
oxidative rancidity in cooked meat at concentrations as low as 0.01-0.05 % (Watts, 
1962). Sodium chloride acts as a pro-oxidant in processed meat products by 
accelerating oxidative reactions of unsaturated lipids causing increased rancidity 
(Gray, 1978). Use of phosphates decreased off-flavour and rancidity development 
in many meat products and the pro-oxidant effect of NaCl was marked by the 
antioxidant properties of PP (Huffman et. al., 1987). How ever, Schwartz and 
Mandigo (1976) reported synergistic effect between NaCl and STPP in retarding 
oxidative rancidity and enhancing sensory traits of restructured meat. 
The reduction in oxidation is probably related to complexing of trace 
heavy metal contaminant in the curing salts and binding of ferrous ion by the 
phosphates since free ferrous ion is an active antioxidant in the cooked meat 
(Pearson and Tauber, 1984). 
2.6 Microbial contamination in meat and meat products 
Highly offensive substances may not be produced if abundant glucose is 
present at the tissue surface or the flora is dominated by organisms that do not 
produce offensive by-products from amino acids, such as Acinetobacter and 
Morale species (Lerker et al., 1965). In these circumstances, spoilage will become 
apparent only at higher bacterial numbers, when visible colonies of slims appear 
on moderately offensive by-product of glucose metabolism accumulates (Shelef, 
1977). 
Gill and Newton (1978) advocated that under aerobic conditions, when 
tissue surface was exposed, the spoilage flora were dominated by pseudomonas 
species irrespective of the tissue pH. Under anaerobic conditions, the microbial 
flora will usually be dominated by species of Lactobacillus, provided the tissue pH 
is below 5.8. If the tissue pH is above 5.8, or conditions a micro aerobic rather 
than strictly anaerobic, enterobacteria or Brochothrix thermosphacta may 
predominated (Grau, 1980, 1981). If tissue pH is above 6.0 the potent spoilage 
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organism altermonas may grow under either aerobic or anaerobic conditions. 
(Taylor and Shaw, 1977). 
These observations on pH sensitivity apply only to tissues held at chiller 
temperature. As the temperature increase with in the growth range, an increasing 
fraction of pH-conditions and be capable of initiating and maintaining growth 
(Gill and Newton, 1978; 1982). 
Gill et al. (2001) conducted studies on the effects of hot water 
pasteurizing treatment on the microbiological condition of beef used for 
hamburger and patty manufacture. They reported that effective pasteurization was 
established at 85*'C for 60 S and the flavour of patties was not distinguished from 
the normal products. Samples of patties pasteurised below this time viz. SOS, 45S 
yielded E.coli. In a previous study, conducted by Gill et al. (1999b), it was 
reported that a treatment with water of 85° C for 10 S of commercial carcass would 
reduce the number of Escherichia coli on carcass by two order of magnitude. It 
was reported that beef was frequently contaminated with during carcass breaking 
process (Gill et al., 1999). 
Kakar and Udipi (2000) carried out research work on microbial quality of 
ready-to-eat (RTE) meat products sold in Mumbai (India). A wide range of meat 
products (RTE) chicken burger, chicken pizza, chicken lollypop, chicken patties, 
chicken role, mutton chop, mutton burger, mutton kabab and mutton samosa were 
selected for study. They reported that all the RTE had high total viable counts (log 
cfii/g 7.2±1.55), Staphylococcus count (log cfu/g 3.88±2.10), Fecal coli form 
count (log cfu/g4.70±2.37) and fecal streptococcal count (log cfii/g 3.56±2.25). 
Coagulase positive S. aureus was isolated from 7.7% samples of chicken roll and 
mutton chop, 7.1% of mutton burger and 6.6% of chicken pizza. S. entenitidis was 
detected in one sample each of chicken roll and mutton chop, S. gallinarum in 
chicken pizza, chicken burger and chicken patties and S. typhimurium in mutton 
burger. Street samples were more hazardous followed by small shops and railway 
stall samples 
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Tiwari et al. (2002) conducted studies on microbiological status of buffalo 
meat from slaughterhouses and related outlets. They collected 103 samples from 
Municipal slaughterhouses of three different cities. The samples were subjected to 
standard plate count (SPC), Staphylococcal, Coliform, Psychrophilic and yeast and 
mold counts. They reported that SPC of buffalo meat samples collected from 
slaughterhouses and retail shops varies from 6.2 to 6.7(log cfu/g) and 7.0 to 
7.9(log cfu/g) respectively. Staphylococcus counts of the same samples were in 
the range of 4.8 to 5.4 in slaughterhouses and 5.3 to 6.5(log cfu/g) in retail shop 
samples. Coliform count varied from 3.6 to 4.4(log cfu/g) and 3.6 to 4.5(log cfu/g) 
in slaughterhouses and retail shops samples respectively. 
Sachindra et al., (2004) conducted studies on microbial profile of buffalo 
sausage during processing and storage. They reported that the microbial count in 
raw meat were total plate count (TPC) (log cfu/g) 5.41±0.23, coliform (MPN/g) 
23.2, staphylococcus aureus (log cfu/g) 1.57 ± 0.11; yeast and mold (log cfu/g) 
(0.60 ± 0.20). Cooked sausages had the microbial counts: TPC (log cfii/g) 3.75 ± 
0.31; coliform (N4PN/g) 0.2; LAB (log cf\i/g) 0.07 ±0.01; yeast and mold (log 
cfu/g) 0.72 ± 0.07. Staphylococcus aureus, Clostridium perfringens and Bacillus 
Cereus were not detected in cooked sausages. The results of their study revealed 
that shelf life of cooked buffalo sausage was 31 days in either vacuum or CO2 at 4 
± 1°C. They advocated that measures such as low initial microbial counts, 
hygienic precautions during preparation of sausage, steam cooking for 45 min., 
vacuum or CO2 packing and storage at 4 ± 1°C would control the microbial growth 
and provide wholesomeness and safety to the buffalo sausage. 
2.7 Microorganisms associated with edible organs 
This group comprises live, kidney, spleen, pancreas, testicles, heart and 
brain. Available literature deals largely with livers. Kidney and heart have 
received some attention, but other tissues have been almost totally neglected. It is 
therefore necessary to consider the microbiology of tissue in detail and inference 
for these observations can be extended to the other tissues. 
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Livers obtained soon after removal from the carcass carry both an external 
and an internal flora. The external flora is dominated by Gram-positive mesophile, 
mainly micro cocci and is therefore similar to the external flora, indicating that it 
has arisen from bacteria migrating in the open sinusoidal structure after the organ 
has been removed from the carcass. Even if an increase flora was presenting the 
tissues, the numbers of intensive contaminants will be small compared with the 
extrinsic bacteria invading the tissues during organ removal. The types of 
organisms presenting an intrinsic flora an equally organisms present in an intrinsic 
flora an equally likely to be present in large numbers, in the external flora, a major 
part of which ultimately originates from the excretion of the animal. Initial 
numbers of external contaminates are between 10 and 10 per cm and internal 
contaminants number about 10 /g. Growth of organisms in the external flora 
commences with little delay, which development of the deep tissue flora shown on 
extended lag (Gill and Delacy, 1982). Consequently, in comparison with external 
flora, the internal flora is of little, if any practical significance. 
2.8 Pathogenic Organisms: 
The characteristics, conditions required for growth, and association with 
individual tissues of infections and food poisoning organisms occurring in meats 
and meat products have been described by some reviewers in this series (Brayan, 
1986, Silliker and Gabis, 1986). Most of these organisms are known to be capable 
of growth on meat, and so presumably on meat by products. For individual 
organism, growth will occur provided that contaminated surfaces remain moist, 
the tissue pH does not fall below permissible values, a suitable local gaseous 
environment persist or develops, and temperatures remain within the growth 
temperature range. A developing spoilage flora is unlikely to inhibit the growth of 
pathogens before flora numbers approach maximal values (Gill, 1986). 
As by products are usually collected in bulk soon after their removal from 
the carcass, tissue surfaces are generally not subjected to the evaporative drying 
that assists in restricting the growth of organisms on carcasses (Nottingham, 
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1982). The pH of many other tissues does not fall to the low values (5.5-5.8) 
characteristics of rigor muscle that can be inhibitory to pH sensitive organism. 
Many of the organisms of public health concern are facultative anaerobic, so they 
may grow on both exposed surfaces or within tissue masses. Micro aerobics such 
as compylobacter, may grow in areas a close to the surface of tissue masses while 
conditions suitable for growth of cold tolerant pathogens such yersina and listeria. 
It is generally considered that a temperature of 10°C is adequate to control 
pathogen proliferation during the collection and processing of meats, but for 
profound storage chilling below 3°C is required to limit the growth of cold 
tolerance pathogens (Ingram and Simonsen, 1980). 
Some problems encountered with fermented meat products include 
staphylococcal food poisoning, caused by ingestion of heat-stable enterotoxin, 
from defective fermented dry or semi-dry sausage, especially with an initial S. 
aureus inoculum greater than lO'^ /g (Bacus and Brown, 1981; Smith and Palumbo, 
1983). Salmonelloses has rarely been attributed to fermented meat products 
because lactic acid-forming bacteria are inhibitory (Bacus and Brown, 1981). An 
enteropathogenic strain of Escherichia coli was somewhat resistant to fermentation 
by P. cerevisiae followed by drying in making turkey, since viable cells were only 
decreased by 90%. Smith and Plumbo (1983) who reviewed relevant research 
indicated that pH drop resulting from fermentation of glucose was single most 
important factor in controlling formation of botulinum toxin in fermented sausage. 
Fermentation and drying of turkey sausage using P.cerevisiae as the starter culture 
prevented growth of C. perfringens and reduced viable cell numbers. Growth of 
Yersinia enterocolytica in cured meat at 35° C was controlled by Pedicoccus 
pentosaceus, P. acidilactici, and Lactobacillus plantarum. 
Fermented dry and semi-dry sausage may contain the pressor amines, 
tyramine, truptamine, phenylethylamine, and histamine. These have been 
associated with some outbreaks of food poisoning in United States. Presence of 
biogenic amines can be controlled in fermented sausages by rigid employment of 
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good hygiene and by use of short fermentation times employing active starter 
cultures that lack amino acid decarboxylates (Smith an Palumbo, 1983). 
2.9 Composition and nutritive nature of meat and meat products 
Water presents largest proportion of muscle with average of 75% for raw 
muscle that is very low in fat content, water is present in muscle to soluble some 
components. Percentage water in muscle is inversely proportional to fat 
percentage and directly proportional to protein percentage and directly 
proportional to protein percentage. From 8 to 20% of the water is likely to tightly 
bound with approximately 5% of the water (representing 4% of muscle weight) 
being tightly bound by electronic attraction to hydrophilic groups on the proteins. 
It can remain tightly bound even during application of severe mechanical or other 
physical force and is scarcely altered in amount by changes in structure and 
changes in protein. Additional water molecules are attracted to the bound ones in 
layers with progressively weaker attractive forces as the distance from hydrophilic 
groups becomes greater. 
The remainder of the water is relatively free. Most observed charges in 
water-holding capacity (WHC) involve alternation in the form of water, which is 
immobilized by the physical configuration of the protein, but is not bound to then. 
Forrest et al. (1975) refer to this as immobilized water. A third category of water is 
termed "Lose" water by Lawrie (1974) and free matter by Forrest et al. (1975) and 
Judge etal (1989). 
The nutritive value of all food, including meat and meat products, is being 
seriously considered in view of consumer interest and demand. Nutritional 
labeling is now required for most manufactured meat products. The major meat 
packers and processors are providing information on the nutritional value of most 
products. Such information is also now going to be required fresh meat in spite of 
its variability and the difficulty of controlling composition. The Food and Drug 
Administration does not require absolute compliance with label declaration but 
allows some degree of flexibility is accordance with estimates of variability. 
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Labeling has, however, resulted in less product variability. Development of more 
manufactured meat products, will no doubt increase, the drug of compliance. 
This is important since the consumer can no longer recognize the traditional 
food groups and utilize such information in properly balancing his own diet. 
Processed meat items are also manufactured foods, and are required to have labels 
specifying their nutritive content. 
2.10 Nutritional value of edible by-products and their utilization 
Edible by products may be used in sausage formulation for the reason that 
some of them have significant nutritional value. Pearson and Duston (1988) 
advocated that liver that is the best source of niacin and vitamin Be among edible 
meat by products and could be used in combination with lean meat. In a lOOg 
serving, lever contributes between 37% and 97% of Recommended Daily 
Allowances (RDA) niacin and 65% of RDA of vitamin Be. While other edible 
meat by products like lungs, tongue and simmered or braised brain most of the 
organ meats contribute between 16 and 44% of RDA niacin. Beef and pork kidney 
contribute 24 and 21%) of vitamin Be RDA respectively. The other by products 
provides less than 18% of the RDA for vitamins. Lever and kidney provide highest 
level of folacin of the meat by products. The folacin contribution of lOOg of lever 
to RDA ranges from 41 to 82%). Beef and lamb kidney contribute 25 and 21%) of 
the RDA respectively. The remaining by products contributes less than 2% of the 
RDA folacin. 
Many organs meat contain more polyunsaturated fatty acids than does the 
skeletal muscle tissue. Among the by products, brain, chitterling, heart, kidney, 
liver and lungs are lowest in monounsaturated fatty acids (Hunchinson et al., 
1987). A number of edible by products have considerable nutritional value due to 
their low fat and energy, high level of protein, riboflavin, niacin vitamin B12, iron, 
zinc and copper. Lever contains the greatest quantity of most nutrients in edible 
meat by products. In spite of the high nutritional values of many edible by 
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products, their consumption is relatively low as compared to lean beef, pork and 
poultry (Bunch, 1987). 
Generally, protein, fat and calories show an apparent increase and moisture 
an apparent decrease when data for raw and cooked meat by-products are 
examined on an equal weight basis. Ears, feet, lungs, and pork tails are exceptions. 
On cooking these products, there is decrease in protein and increase in moisture, 
which is probably due to the water absorption properties of the collagen in the 
tissues. Moisture loses on cooking are usually greatest for those products, which 
have the lowest cooking yields (Pearson and Gillett, 1997). 
Many of the cooked by-products have less protein and fat, and are higher in 
calories than the cooked lean meat tissues from animal. However in the raw state, 
brains, pancreas, thymus, tongue, tail and chitterlings contain more fat and/or 
calories than lean tissues. The cooking method also affects fat content. As 
expected, fried products contain more fat and calories than the same product 
cooked without the addition of fat. For example, fried beef liver has S.OOg fat/lOOg 
and 217 cal/lOOg, whereas braised beef liver has 4.89g-fat/100g and 161cal/100g 
food. Part of this difference can be attributed to the lower yield on frying than 
braising beef liver. 
Muscle tissue and organ meat proteins have a higher biological value than 
other edible meat by-products, since the relative amounts of essential amino acids 
present in these products are similar to those amounts required to maintain 
nitrogen balance in man (Rice, 1971). The amino acids of meat products are 
highly available. The protein from meat products are 91-100% digestible where as 
digestibility of protein from plant sources can be as low as 65-75%% (Hopkins, 
1981). The variation in amino acid composition between products and species is 
small and the essential and non-essential amino acid composition of lean meat and 
organ tissues is fairly constant. The exceptions occur in products containing large 
amounts of connective tissue-up. The protein quality of these foods is lower than 
that of products with little connective tissues (Dvorak and Vognarova, 1969, 
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Bender and Zia, 1976). A number of offal tissues have a greater proportion of 
connective tissues than lean meat (Gault and Lawrie, 1980). Connective tissue 
presents about 10% of total protein lean meat tissue-up. It is two to three time 
higher in some offal meats (Lawrie, 1981). The amino acid composition of 
connective tissues protein differs from that of lean tissue and organ meats due to 
its relatively high amount of proline, hydroxylproline and glycine and its low 
levels of tryptophan and tyrosine (Rice, 1971). Ears feet lungs, stomach and tripe 
have high amounts of those non-essential amino acids since they contain a 
relatively high proportion of connective tissue 
Reddy and Vijaya Lakshmi (1998) conducted studies on the effect of skin, 
gizzard, heart and yolk incorporation on quality of frozen chicken meat sausages. 
They reported that addition of skin, gizzard, and heart in the preparation of 
sausages significantly (p<0.01) reduced fat separation value, percent moisture, 
crude protein, ether extractives and juiciness scores. Sausages prepared from raw 
meat obtained significantly (p<0.01) higher score for appearance, flavour, 
juiciness, firmness and over all acceptability as well as higher percent cooking 
losses and moisture content, while pH and 2-thiobabituric acid (TBA) values were 
lower. Frozen storage (-18±1*^ C) of sausages for 60 days significantly (p<0.01) 
increased the pH, TBA value, percent ether extractives and protein contents while 
the mesophile counts, percent moisture and organoleptic score were reduced. 
2.11 Demand for health and nutrition 
Recently there has been as increased awareness by consumers of the 
importance of healthful meat, poultry, and fish products. Although there has been 
interest in reducing the fat and sah (Sodium) content of these muscle based foods 
for 10 or 20 years, the demand for so called "Health" food items has led to the 
development of "reduced" or "low fat" and "reduced sah" products to meet their 
requirements. To meet the demand for such "Healthful" meat products technology 
has led to alteration of traditional processing procedure and the use of a number of 
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non-traditional additive in order to achieve those aims and at the same time to 
maintain acceptance. 
"Reduced" or "low fat" meat, poultry, and fish products require the 
addition of water binding agent, which is needed to maintain juiciness and 
tenderness. 
Another area of some concern to consumer and processors has been the 
reduction of cholesterol levels in meat products. The basis for this demand is the 
fact that blood cholesterol levels are correlated with increased coronary heart 
disease (CHD). So there are chances of incidence of coronary disease due to 
increase in blood cholesterol level. Consumers have equated blood cholesterol 
level with dietary cholesterol although there is actually little evidence of such a 
relationship nevertheless, some consumers will pay a premium for reduced fat or 
low cholesterol products. Replacement of greater part of fat by thickening agents 
provides lubricity or swelling. Examples are gums, starches, and hemi cellulose. A 
fat mimicking system can develop textural properties of fat in low fat food. 
Reduced fat system inherently have less fat and more water since many volatile 
aroma compounds are more oil soluble than water, therefore aroma can be 
perceived strong. 
2.12 Quality Evaluation: (Sensory, Textural and physico-chemical) 
Quality of meat products very much depends upon the quality of meat used 
for its preparations. Evaluation of meat quality is based on two main 
considerations: first, meeting the requirements of the meat trade, and second, 
satisfying consumer preferences. The former is concerned with carcass quality and 
the latter with meat quality. Carcass quality is assessed on the basis of 
conformation, finish (fat status), and a combination of characteristics including 
color of muscles and fat, marbling, texture of muscle, and appearance of bone and 
cartilage as related to the species, sex, and age of the animal (Gerrard, 1964; 
Yeates, 1965, Post et al., 1972). These factors determine the grade of the carcass, 
but their relative importance, and hence the grade, varies considerably. 
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For simplicity, the characteristic of meat quality may be categorized as 
follows: first, the factors contributing to the appearance of the meat must be taken 
into account, which include the color of lean and fat, and the texture. These traits 
may be important in the case of fresh meat, but may be of less significance in 
cooked meat. Second, the factors contributing to the eating quality of meat must 
be considered, such as tenderness, juiciness, taste, and aroma. Assessment of these 
quality parameters may be determined in two different ways: 
(i)By overall evaluation using subjective techniques, and 
(ii)By analytical assessment utilizing objective techniques. 
2.12.1 Subjective Evaluation 
This involves evaluation by the physical senses of the consumer, including 
taste, smell, and feel. Color and general attractiveness are judged visually. 
Tenderness in registered by the ease with which the teeth and jaw muscles perform 
their task of mastication (Cover and Hostetler, 1960). Simultaneously, an 
impression of juiciness is also experienced (Cover, 1962a, b), which depends on 
the amount of liquid released from the meat together with the amount of saliva 
added to it. The general belief is that salivation is adjusted to make up for any 
deficiency of juice in the meat. This naturally results in added fatigue for the 
salivary glands. 
During the mastication process, however, the gustatory papillae, stimulated by the 
juice, receives the impulse of taste. The perception of flavor originates from the 
combined perceptions of taste and odor assessed by the gustatory papillae and 
nasal mucous membrane, respectively. These stimuli are transmitted by nerves to 
the higher brain centers (Amerine et al., 1965; Beidler, 1967; Amoore, 1967; 
Amoore et al., 1972) at which level the quality criteria for tenderness, juiciness, 
and flavor are registered. According to Deatherage (1963) tenderness is the first 
and foremost quality that is sought in meat, irrespective of the methods of 
cooking. Tenderness remains the main criterion for judging quality. Since flavour 
and juiciness are less variable and can be compensated for by liberal use of 
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gravies, seasonings and vegetables. The fact is that tenderness actually improves 
the remaining quality characteristics. 
The foregoing subjective evaluations are often made by a panel of judges, 
and this leads to one of the most logical methods for assessing meat and meat 
products quality-the taste panel on a sound statistical basis. It is sufficient to say 
that the panel can range from a very highly trained and competent group to a 
household type without previous training (Amerine et al., 1965). Frequently, the 
panel uses a scorecard utilizing the hedonic scale, where each quality criterion is 
described on an arbitrary numerical scale. The ability of the judges to differentiate 
correctly for various attributers of quality can be ascertained by several statistical 
methods (Weir, 1959; Amerine et al., 1965). 
Within sensory quality characteristics, flavour is very important. Where as 
purchase and rejection of the product is initiated by appearance (colour) and 
texture. Flavour is the feature that convinces the consumer to buy the product 
again. The typical meat colour is associated with the formation of nitric oxide 
heme pigment stablised by denaturation of globin component (Acton and Dick, 
1977). In some type of mediteranean product, such as Spanish chorizo sausage, its 
importance is shared with that of colour of added chilli pepper (Fernandez-
Fernandez et al., 1998). The importance of cured meat colour for fermented 
sausage has of course been diminished by the recent legislation in the E U of 
colouring agents such as Monaseus red (Angkak), cohenille and betanin, derived 
from yeast, a sea insect and red beet respectively. Methods for their determination 
have been established (Brockman, 1998) and although their use may facilitate 
technology, it also allows for use of raw materials subject to less demanding 
quality characteristics. The aptitude of sausage for slicing is brought about by the 
combination of gel formation because of acidulation of salt solubilised protein 
followed by drying. Again the basic interaction of salt extracted muscle protein 
with pH decrease and water loss is affected by a numbe of additives, including, 
e.g. milk and soy proteins as well as polysaccharides. Flavour is a complex 
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sensory reaction involving taste, smell (odour) and texture of a product. Odour or 
aroma is the most important component, because of the nasal receptor for 
numerous volatile components released during chewing and ingestion. The 
number of aroma compounds derived from the spices and smoking exceeds that of 
the compounds derived from metabolism (Schimdt and Berger, 1998). The latter 
however are considered very important for the specific sausage flavour (Stahnke, 
1995b). 
Sensory quality of meat product can be measured in several ways by either 
sensory or instrumental methods or combination of both. All methods have their 
advantages and disadvantages. Preferably, sensory panel measures sensory quality 
of dry sausage. A consumer panel, trained laboratory panel or an expert panel 
depending on the purpose in question is used. Sensory evaluation can be rather 
laborious and expensive and are therefore often replaced to various extents by 
instrumental methods, not only in development and research but also for regular 
quality control in the factory. 
Several sensory methods have been developed and are described in 
excellent text books (Piggot, 1984; Meilgaard et al., 1991). Sensory evaluation 
methods can be divided in to difference tests, scaling and ranking tests and 
descriptive tests. In general difference tests can be accomplished with untrained 
panelists, whose numbers depend on the size of the difference, when a description 
tests need a carefully trained panel in order to get reasonable results (Meilgaard et 
al., 1991). Difference test allows the investigator to determine if an ingredient or 
process change causes significant difference in the sensory perception of the 
product. Comparison tests (triangle, paired comparison, duo-trio etc.) only indicate 
whether a difference exists or not, where as ranking tests also give information 
about the direction of the difference trend 
Kulkami et al. (1993) conducted studies on the storage stability and sensory 
quality of washed ground buffalo meat and meat patties during refrigerated 
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Storage. They reported that washing generally reduced thiobarbituric acid (TBA) 
value and EDTA washed meat had lowest TBA value. 
Reddy et al (2004) conducted studies on quality evaluation of Emu bird 
sausages and patties during refrigerated and frozen storage. They concluded that 
frozen stored (-18± 1°C) that emu sausages and patties during refrigerated and 
frozen storage (4±1*^ C and -18± I'^ C respectively) showed a significantly (P<0.05) 
increasing trend in mean pH, thiobarbituric acid (TBA) and extract release volume 
(ERV) values with storage period up to 42 days under refrigeration and 90 days in 
frozen storage. Frozen stored sausages had significantly higher scores for colour, 
flavour, juiciness and over all acceptability up to 60 days of storage. 
2.12.2 Objective evaluation: 
Various methods have been adopted to assess the quality criteria of meat 
objectively (Pearson, 1963; Olson et al., 1976). Although certain limitations are 
associated with this approach, the results are fairly promising for some of the 
criteria, i.e., color, tenderness, and juiciness. 
The color of fresh meat is determined largely by the concentration of the heme 
pigment, myoglobin, but often does not yield results that can be closely related 
with visual color ratings this is because color measurement by this method does 
not reflect the chemical state or distribution of the myoglobin; nor does it takes 
into account the degree of dehydration of the meat, especially at the surface. 
However, the measurement of light reflected from the meat surface (Snyder, 1965; 
Stewart et al., 1965a; Snyder and Armstrong, 1967; Govindarajan, 1973; Francis 
and Claydesdale, 1975) or the comparison of meat color with known standards 
(Doty, 1959; Forrest et al., 1975; Eagerman et al., 1977 gives information that is 
closely related to visual assessment. 
More than a dozen mechanical devices have been developed to measure 
tenderness and texture of meat, usually based on one of the following principles 
shearing, penetrating, biting, mincing, or compressing actions. These mechanical 
devices have been reviewed in detail by different authors. Sale, (1960), Pearson 
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(19630, Szczesniak and Tergeson, (1965), who had pointed out some of their 
inherent errors and limitations. Nevertheless, the Wamer-Bratzler shear seems to 
be the most widely used and has come to be regarded as the objective standard for 
the determination of tenderness. 
Extensive work has shown that there is a correlation between Wamer-
Bratzler shear values and taste panel evaluation of tenderness. Correlation 
coefficients between shear value and organoleptic tenderness rating vary from low 
to high values. Earlier findings have been reviewed by different workers (Doty 
and Pierce, 1961; Pearson, 1963; Szczesniak and Torgeson, 1965) summarized 41 
sources of information reporting a significant correlation between shear value and 
sensory evaluation of tenderness; however, there were another 10 references 
showing insignificant results. According to the review by Pearson (1963), the 
correlation coefficients from different studies ranged from 0.6 to 0.85 with an 
average of about 0.75. He suggested that a relationship of this magnitude is quite 
satisfactory considering the variability within the sensory panels alone, and that 
with sufficient repetition and standardization of the procedure, the Wamer-
Bratzler shear test gives a good estimate of tendemess. Similar views were also 
expressed by Doty and Pierce (1961). 
Asghar (1969) also found a significant correlation between subjective and 
objective evaluation of tendemess based on both shear values and the rigidity 
index. However, his data suggested that shear value is not sensitive enough to be a 
complete substitute for taste panel evaluation. Firstly, he pointed out that the 
standard deviation for the shear readings was large, and secondly, that the shear 
force or rigidity index measured only one of the criteria of importance to mouth 
feel by consumers. 
Baldini et al. (2000) conducted studies on the effects of thermo 
hygrometric conditions on microbiological and physico-chemical characteristics of 
dry fermented sausage. Five partners conducted the study, 3 partners salami-
producing companies and 2 partners manufacturers of conditioning plants for 
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ripening of meat products. The aim of the study was to promote knowledge of 
chemical, physico-chemical and microbiological characteristics of salamis and of 
the parameters directly connected to water loss (rate of evaporation and diffusion) 
during various phases of industrial preparation. 
Ronrong et al. (1998) conducted studies on sensory and instrumental 
properties of smoked sausage made with mechanically separated poultry (MSP) 
meat and wheat protein. They reported that added wheat protein affected hardness, 
springiness and juiciness, where as flavour (p<0.05). Instrumental data showed 
that hardness, springiness and cohesiveness decreased with increasing water 
content (p<0.05) and increasing wheat protein levels, increased hardness and 
cohesiveness (p<0.05).Functional improvement of processed meat products by non 
meat protein additives (Parks and Carpenter, 1987) has been well documented. 
Also due to off flavour of soy products (Lecomte et al., 1993) and high value airy 
products, oat and other cereal products are preferred by products manufacturers 
over dairy and soy products as additives for meat products (Lapvetelainen et al., 
1994). Wheat protein, an abundant an economical source of food protein, have the 
unique ability to form visco-elastic mass of gluten when mixed with water 
(Prithard and Brock, 1994) and thus have great potential as non meat-additives. 
Since Szczesnaik (1963) defined a classification system for texture 
properties in sensory evaluation. The method has extensively used by many 
research groups (Lyon et al., 1980; Cohen et al., 1982; Cardello et al., 1983; Berry 
and Civille, 1986; Jhonson et al., 1990; Mecerlinet et al.l994) who had conducted 
sensory and instrumental Texture Profile Analysis (TPA) of meat products. It was 
reported by another group of research workers that sensory characteristics have 
often correlated highly with corresponding instrumental attributes in meat 
products (Lyon et al., 1980). Tenderness is a critical attribute for quality of meat 
products. The tenderness and hardness are inversely related (Cross et al., 1986). 
Both sensory and instrumental hardness, springiness and cohesiveness and primary 
mechanical properties that can be used to characterize the texture of smoked 
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sausage. Instrumental procedures quantify physical and textural change over time 
and measure different component characteristics of meat system (Lyon and 
Wilson, 1986; Smith et al., 1988) studied both AIlo-Kramer shear procedure and 
TPA methods using an Instron Universal Testing Machine and detected 
differences among samples of bjroiler breast meat. 
Cofrades et al. (2000) conducted studies on plasma protein and soy fiber 
content on the properties like c(i)lour and texture of bologna sausages as influenced 
by fat level. Higher soy fiber add plasma protein content favoured the formation of 
harder, chewier structures witl| improved fat and water binding properties. Fat 
reduction decreased texture properties and the increased weight loss. Cooking loss 
was affected (p<0.05) by interactions between plasma protein and fat and 
chewiness was affected (p<0.05) by interactions between soy fiber and fat plasma 
protein influenced binding and textural properties more than soy fiber and was 
thought best to limit the effect of fat structure. Earlier studies were conducted on 
this aspect of low fat meat products and it was reported from the results of the 
studies that a major goal of meat industry in recent years has been to develop 
healthier meat products, containing less fat and incorporating health enhancing 
ingredients. Fat has a major influence on the binding properties, tenderness, 
juiciness and mouth feel and over all appearance of processed meat such as 
emulsion type products (Sofos and Allen, 1977; Hand 1987; Claus, 1989, 1990; 
Cavestany, 1994). Fat reduction entails replacement of fat with water, but this can 
render products unacceptable due to a number of problems including those 
associated with texture and water binding properties. Non-meat ingredients have 
been used to limit the detrimental effects of reducing fat (Sofos and Alen, 1977; 
Fogeding and Ramsey, 1986). 
Functional improvement of processed meat products by non-meat protein 
additives (Parks and Carpenter, 1987) has been well documented. Also due to off 
flavour of soy products (Lecomte et al., 1993) and high value airy products, oat 
and other cereal products are preferred by products manufacturers over dairy and 
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soy products as additives for meat products (Lapvetelainen et al., 1994). Wheat 
protein, an abundant an economical source of food protein, have the unique ability 
to form visco-elastic mass of gluten when mixed with water (Prithard and Brock, 
1994) and thus have great potential as non meat-aditives. 
2.12.3 Physico- chemical properties of meat and meat products 
(a)pH 
Generally, meat from freshly killed animals has an average pH of 6.8, 
which falls rapidly to 5.4- 5.6 (ultimate pH) in duration of 48 hours post- mortem. 
Depending on the storage conditions, status of meat chilling and the degree of 
bacterial contamination, the pH may remain constant for a while or begin to rise 
gradually due to autolysis and the growth of bacteria. When meat reaches a pH of 
6.4, decomposition may set in and at 6.8 and above, the signs of decomposition 
viz., changes in colour, odour and texture may become apparent. The level of pH 
attained may depend on several factors, such as kind of animal, level of nutrition, 
physiological status before death, degree of stress prior to slaughter, amount of 
muscle glycogen, heredity, type of muscle and temperature during the post-
mortem glycolysis. 
The accumulation of lactic acid the due to post- mortem glycolysis reduces 
the pH to 5.8 within 12 to 24 hours of slaughter. The rate of fall of pH chiefly 
depends on the temperature post- mortem and the amount of muscle glycogen 
available at slaughter. Fatigued animals show a rapid fall of pH to 5.6 in a Short 
duration while the carcass is still warm. The duration of reaching low ultimate pH 
depends on the temperature post- mortem. The pH of 5.4 to 5.6 will be reached by 
meat in 8 hours post- mortem when stored at 37° C, in 24 hours at 15° C and in 48 
hours at 1° C. Hence, it is evident that the duration of attaining low ultimate pH 
will be longer at lower temperatures and vice-versa. 
The estimation of pH of meat is of value in determining durability while 
judging the suitability of borderline carcass meat for further utility. Meat of 
alkaline nature will exhibit faster rate of microbial spoilage than of the acid. The 
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pH of meat has a significant relationship to eating quality. The low ultimate pH 
generally increases tenderness, which is positively correlated to WHC 
(Govindarajulu, 2002). 
The ultimate pH value of raw buffalo meat and time to attain the pH value 
depends upon many factors, namely, holding temperature, types of muscle i.e. 
portion of carcass and glycogen content of the muscle. Ziauddin et al., (1994), 
observed that biceps femoris (BF) muscle with initial pH of 6.97 had ultimate pH 
value 6. 
(b) Water Holding Capacity (WHC) 
Water holding capacity is a measure of how much water is bound in the 
uncooked state. Water holding capacity is a general term used to describe the 
extent of water held or bound by meat or meat products once cooked. It includes 
the more specific term used in literature such as cooking yield, cooking loss and 
water binding value (Trout and Schmidt, 1983). 
A high WHC in the lean meat is a decisive factor for producing a high 
quality sausage (Hamm, 1981). It also prevents rendering out of fat and results in 
lower losses during smoking, cooking, storage and canning of the sausages. 
Grinding of meat increases WHC by enhancing the number of polar groups 
available for binding with the water molecule and the water is bound better when 
added after the meat is ground (Hamm, 1970) Salt and poly phosphates are 
extensively used in many meat products due to their desirable effect on WHC and 
other functional properties of meat. (Huffman et, al .1987). 
The water holding capacity is the ability of meat to hold fast to its own or 
added water during the application of any force (pressing, heating, grinding etc). 
WHC is directly related to eating quality and influenced by pre-slaughter, 
slaughter and post- slaughter techniques. The water in muscle is available in two 
forms- bound and free water, the former amounting to less than 5 percent is 
directly bound to the hydrophilic groups of proteins and the latter is responsible 
for most of the changes observed in water holding capacity of meat. A diminution 
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of in vivo WHC is manifested by exudation of fluid termed as weep in meat that 
has not been frozen, as drip in thawed meat and as shrink in cooked meat, derived 
from both aqueous and fatty sources. The techniques of slaughter and post -
slaughter seem to influence WHC. The WHC of fresh meat is high and drop 
gradually within a few hours, reaching the minimum in 24 to 48 h but slowly 
increasing during further storage. 
The water holding capacity may be estimated by various techniques, the 
filter paper press method or the centrifugal technique where meat is spun in an 
ultra centrifiige. The appearance of meat before cooking is largely influenced by 
WHC. The behavior of meat cooking and its juiciness on mastication are directly 
related to the eating qualities. In the filter paper press method, the area of the 
resultant impression is inversely proportional to WHC. Microbiologically spoiled 
meat has a low water holding capacity indicating putrid proteins. 
The meat at pH 7 will have a high WHC, the muscle absorbing and 
retaining approximately equal volume of water, at pH 6 less than 50 percent and at 
pH 5 (isoelectric point) about 25 percent. Consequent to the death of the animal 
the loss of WHC is inevitable. The extent of fall of the post- mortem pH will affect 
the water holding capacity, higher the ultimate pH, greater is the WHC .It is, 
therefore, clear that the meat possessing high ultimate pH, chilled rapidly before 
the on set of rigor mortis and under going retarded post- mortem glycolysis, will 
enhance WHC. Much interest has been shown to diminishing weep or drip in meat 
used for making sausages, emulsion, retail cuts or package cuts. Sausages and 
comminuted meats are more liable to exude fluid due to destruction of structure 
during processing there by lowering the ability to retain fluid .It is important to 
consider the behavior of water added to meat to effect the overall WHC of the 
mix. The normal ratio of water to meat is about 2:1. 
The salts of strong acids and certain weak acids in particular phosphates 
and poly phosphates as constituents to meat increase the WHC. The water holding 
capacity is higher in pork than in beef .The meat of younger animals has a higher 
44 
Literature review 
WHC than the older. Cow beef has a higher WHC than that of bulls. The damage 
of proteins caused by freezing lowers WHC (Govindarajulu, 2002). 
(c) TBA number 
Warmed-over flavour (WOF) in meat was first recognized by Tims and 
Watt (1958), is a form of oxidative rancidity that develops with in a few days in 
contrast to common rancidity that requires two months to develop fully during 
freezer storage (Pearson et al., 1977; Igene et al., 1979A, 1980). Although WOF 
can develop in fresh meat, it most commonly occurs in meats that are cooked or in 
which membranes are broken down by processes such as restructuring or grinding. 
Tarladgis et al. (1960) reported that TBA numbers were highly correlated 
with sensory scores of trained panelists for rancid odours in ground pork. These 
workers reported that threshold range of TBA numbers for detecting off odour in 
pork were approximately 0.5-1.0. There is correlation between sensory attribute 
(flavour) and TBA number of meat and meat products. Greene and Cumuze 
(1981) investigated the relation between TBA numbers and assessed oxidized 
flavour in cooked beef. They reported on the basis of panelists evaluation that the 
range of TBA number for which these panelist as a group first detected a 
difference in intensity of oxidized flavour was 0.6 - 2.0. This range was 
considered by Greene and Cumuze (1981) to be close to that (0.5-1.0) for rancid 
odour detection. It can be concluded that TBA test can be used to follow oxidation 
in muscles foods, although the test should be accompanied frequently by 
corresponding evaluation with trained sensory panel in studies of WOF in meat 
(Igene etal., 1979, 1985 A). 
2.13 Fermented meat products as functional foods 
Improvement of the nutritional value of meat products has been tried for 
years by replacement or lowering of fat (Arganosa et al., 1988) and salt content 
(Gimeno et al., 1999). More recently, the successful enrichment with calcium 
(Gimeno et al., 2000) and inulin (Mendoza et al., 2001) was reported and the 
concept of 'functional foods', e.g. foods containing naturally, or by addition. 
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ingredients with clearly identified beneficial effects on a target function of the 
human body and/or lowering the risk of disease. (Diplock et al., 1999), when 
introduced in to meat industry (Jimenez-Colemenero et al., 2001). A target 
function could be lowering of the consumer body's antioxidant protection system 
through the production of meat and meat products containing natural or added 
antioxidants. A well-investigated case is the addition of vitamin E for 
improvement of colour stability, by vitamin E was much better when supplied 
with the diet, than post mortem (Mitsumoto et al., 1993). For dry sausage 
production, these findings should stimulate the less of raw materials with 
improved antioxidant status through selection of animal and muscle and/or dietary 
through selection of animal and muscle and/or dietary treatment reflecting e.g. 
glutathione peroxidase activity and soluble selenium content (Raes et al., 2001) 
and animals fed diet enrichment in polyphenols (Lopez et al., 2000; Tang et al., 
2000). Other possibilities are reflected in the identification of angiotenseinl-
converting enzyme inhibitors in the peptize fraction of fermented sausage (Arihara 
et al., 1999) and the introduction of probiotic starter cultures (Luck, 2000; Erkhila 
et al., 2001) (Sameshima et al., 1998). 
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CHAPTER-3 
MATERIALS AND METHODS 
Experimental studies were conducted for development, quality evaluation and 
shelf life of fresh and semi dry fermented sausages of buffalo meat 
incorporated with different levels of buffalo heart and fat. The quality of 
sausages developed was evaluated on the basis of physico-chemical 
characteristics (pH, moisture content and TBA number), microbiological 
characteristics (total plate count and yeast and mold count), Sensory 
characteristics like colour, aroma, texture, taste and juiciness and instrumental 
textural characteristics namely hardness and tenderness. This chapter presents 
the details of materials and methods used in present investigation. 
3.1 Buffalo meat 
Meat samples collected from the local meat shop in the study were from 
buffaloes slaughtered according to traditional halal method at slaughterhouse 
of municipal corporation, Aligarh. The animals were kept in lairage for a 
period of 18-20 hours. Meat samples from round portion (biceps fermoris 
muscle) of 2.5, 3 and 3.5 years aged female carcasses of good finish, were 
obtained from meat shop within 4 hr. of slaughter. Buffalo fat from brisket and 
back and buffalo heart were also procured along with other meat ingredients. 
The meat chunks (40 Kg) were packed in low-density polyethylene (LDPE, 
lOOfi) and brought to the laboratory with in 15 min after separation from 
carcass. The fat and connective tissue portions of the samples were removed 
and utilized in different studies as per experimental requirements. Other non-
meat ingredients like spices, salt, condiments, casings and HDPE film were 
also procured from the local market. The meat, fat and heart were kept inside 
ultra low temperature cabinet (Yarco, India) at 2^ C for about 20 hours. 
3.1.2 Reagents and media used 
(a) Sulphuric acid, 98% pure. 
(b) 0.01 N Hydrochloric acid 
(c) 2% Boric acid solution 
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(d) 30% Sodium hydroxide 
(e) Catalyst mixture (2.5g Selenium oxide+llOg Potassium sulphate 
and 20g Copper sulphate) 
(f) Mixed indicator (Bromo cresol green 0.1 % + Methyl red 0.1 %) 
(g) Petroleum ether 
(h) Trichloroacetic acid (TCA) reagent, 20% 
(i) Trichloroacetic acid (TCA) reagent, 10% 
(j) Acetic acid, 90% 
(k) Thiobarbituric acid (TBA) reagent 
Nutrient media 
(i) Agar agar 20g (Hi-media) 
(ii) Sodium chloride (AR) 5g 
(iii) Peptone 5.0g (Hi-media) 
(iv) Beef extract 1.5g (Hi-media) 
(v) Yeast extract 1.5 g (Hi-media) 
In 1000 ml distilled water 
3.2.3 Equipment, apparatus and instruments used 
A number of equipment and instruments were required to conduct the 
present study. These included digital pH meter (Thermon Orion, USA), 
Kjeldhal apparatus (Borosil Co, India), Soxhlet apparatus (Borosil Co, India), 
laminar flow for microbial study (Yarco, India), high-speed tissue homogenizer 
(Yarco, India), electronic balance (Anamed, India), digital spectrophotometer 
(Digital spectrophotometer Model 310E, India), texture analyzer (TAHD type. 
Stable Micro System, England), digital microscope (Olympus Trinocular, 
research microscope, BX-60, Japan). 
3.2.1 Meat sample preparation 
Twenty-four Kg meat was taken for preparation of fresh sausage. Two 
different types samples of fresh sausages namely controlled and treated (with 
antioxidant sodium hexa meta phosphate) were prepared. The sample size was 
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kept 1.0 Kg of lean meat each (excluding other ingredients like fat, heart, salt, 
spices and condiments). Three levels of fat (15, 20 and 25% of the mix) and 
four levels of heart (0, 10, 15 20% of lean meat) were taken for study of fresh 
sausage. Twelve samples, each of controlled treated fresh sausage (each 
containing different combination of heart and fat) was prepared. 
For fermented sausage, twelve Kg. meat was separated. Twelve different 
samples (each of six controlled and six treated) of fermented sausage (semi dry 
type) were prepared. Two levels of fat (20 and 25%)), three levels of heart (0, 
15 and 20%) were taken for study. Fatty tissue with extra trimmings of fat was 
selected and soft intramuscular fatty tissue was removed. The treatment of meat 
with sodium ascorbate was given to prevent fat oxidation during storage. 
3.2.2 Preparation of fresh sausage 
(a) Spices and condiments preparation 
The formulation of spice mix in powder form was kept in the following ratio 
Spices ingredients 
Black pepper 
Red chilli 
Cardamom (Bada Elaichi) 
Cinnamon 
Cloves 
Cumin seed 
Turmeric 
Coriander 
Mace 
% in the mix 
10 
15 
5 
5 
3 
20 
10 
17 
10 
Onion (160g), garlic (20g) and ginger (20g) paste was prepared by first 
peeling off the external coverings and weight in required proportions. They 
were cut into small bits and mixed in laboratory blender (Braun Co., India) to a 
fine paste. 
(b) Formulation of fresh sausage 
The composition of fresh sausage was kept as given below 
Lean meat and trims 1 -0 Kg 
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Heart (0, 5,10*, 15, and 20%) 
Spices 
Fat (15, 20*, and 25%) 
Condiments 
Salt 
Sugar 
Monosodium Glutamates 
100 g 
15g 
200g 
20 g 
30 g 
lOg 
5g 
Materials and methods 
* Formulation is based on the 10% heart and 20%) fat 
Lean meat along with heart and trimmings was ground in a grinder 
(PRS, Tech., India) at (ll^C temperature, through a 0.95cm plate). The ground 
meat was transferred to bowl cutter (PRS, Tech., India) for further 
comminution. It was chopped at slow speed (17 rpm) for two minutes, and then 
half of the ice was added and further comminuted for two minutes. After the 
pulp has absorbed ice it is mixed with fat salt, spices, sugar, condiment and the 
remaining ice is added and chopping was continued for five minutes to a final 
temperature of 14-16°C. Entire mix was filled in the stuffing machine (PRS, 
Technology, India) and collagen casing (25 mm) was used for filling sausage. 
The finished sausage were stored at 0° C in an ultra low temperature cabinet for 
future study. 
3.2.3 Preparation of fermented sausage 
Fermented sausages were prepared from comminuted mixture of meat; 
fat salt spices and sugar using bacterial cultural then allowed to undergo 
fermentation under strict conditions of temperature and humidity. Fermented 
sausages were prepared from two different types of meat mix namely 
controlled and antioxidant (sodium ascorbate) treated. The level of sodium 
ascorbate was kept 500 ppm. The composition of fermented sausage was kept 
as below: 
Formulation 
Lean meat and trims 1 .OKg 
50 
Fat (20 and 25%) 
Heart (0,15, and 20%) 
Spices 
Salt 
Garlic paste, fresh 
Sugar 
dextrose 
Sodium nitrate 
Mono sodium glutamate 
Culture of (L.brevis + L. 
Casing 
plantarum) 
Materials and methods 
200g 
150g 
lOg 
30.8g 
20g 
2.5g 
5.5g 
0.25g 
1.2g 
0.5% 
35 mmdia 
* Formulation is based on the 15% heart and 20% fat 
The buffalo meat, heart and fat were ground in a grinder (PRS, 
Technologies, India). Then buffalo meat was first chopped and then heart, fat 
and other non-meat ingredients were added, salt was added at very end of 
chopping. Bowl cutter (PRS Technologies, India) was used for chopping of 
meat and other ingredients. Spices, condiment and mono sodium glutamate 
(MSG) were added to contribute flavour in semi dry sausage. Well-mixed mass 
was further added with combined culture of Lactobacillus brevis and L. 
plantarum and finally placed in a shallow pan and held under refrigeration 
temperature (7°C) for two days to enable the curing process and stabilization of 
microflora. The presence of air pockets in the pan was avoided and was 
excluded during kneading. After remixing again the meat mix was packed in 
the stuffer as firmly as possible to exclude air from the products. Stuffing into 
the fibrous casing (35mmdia) was done firmly and carefully to exclude the air 
inside the casing, which might discolor the meat mix and reduce shelf life of 
the sausage. After stuffing, the open end was tied and a loop was formed so 
that sausage could be suspended on hot rods during smoking. Now the sausages 
were held at 15*^ C, 90% relative humidity for two days to complete 
fermentation. 
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Fig 3.1 Buffalo meat fresh sausage 
Fig. 3.2 Fermented Sausage (semi 
dry) 
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The completion of fermentation was indicated by drop in pH of finished 
product Semi dry fermented sausages were smoked at temperature 20-25° C for 
8 hours and further at 45'' C for 1.5 hours to improve flavour and to inhibit 
bacterial development. The smoked sausages were dried at 20° C and the 
relative 70% for 5 days. The drying was done at optimum speed. Precautions 
were taken to ensure that sausages neither dried too fast nor retained surface 
moisture and became sticky. At the end, sausage samples were packed in 
HDPE bags. Dried sausages were stored at refrigerated temperature of 4°C for 
further study. 
Table 3.1 Work Plan and Parameters of Study 
Treatment of 
Sausage Types of Antioxidants 
Ingredients Sausage and level 
Levels of Fat and Fermentation, Storage 
Heart smoking and drying temp, 
condition 
Buffalo meat, 
Heart, 
Fat, Spices, 
Condiments, 
(MSG), & 
culture 
i. Lactobacillus 
Brevis 
ii. Lactobacillus 
Plantarum 
Fresh 
Sausage 
Semi 
dry 
Ferment 
ed 
sausage 
Sodium hexa 
meta phosphate 
500 ppm 
Sodium 
ascorbate 
500 ppm 
1. Three levels of 
fat: 15, 20 and 25% 
ii. Four levels of 
heart 0, 10, 15 and 
20% 
i. Two levels of fat: 
20 and 25% 
ii. Three levels of 
heart 0, 15 and 20% 
~ 
i. Fermentation 
temp. 15°CRH 
90% for 2 days 
ii. Smoking temp. 
20°C for 8 h and 
45° C for 1.5 h 
iii. Drying temp. 
20°C, RH 70% 
Time: 5 days 
0°C 
4°C 
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Table 3.2 Studies of properties of sausages 
Sausage 
Product 
Physico-chemical 
characteristics 
Microbial 
characteristics 
Sensory 
Characteristics 
Textural 
characteristics 
(i)Total plate 
(i) pH count (TPC) 
Fresh, and Semi (ii) Moisture Content (ii)Yeast and 
dry fermented (iii) TBA number mold (Y&M) 
sausages Count 
Colour 
Aroma 
Texture 
Taste 
Juiciness 
Hardness and 
Tenderness 
3.3 Evaluation of properties 
Samples of raw buffalo meat, heart were analyzed for moisture, protein, 
fat, ash contents and pH. Initial total plate count of these samples was also 
assessed. The quality characteristics of fresh and fermented sausages were 
evaluated at constant intervals of days during refrigerated storage (respectively 
at 0° and 4''C). Fermented sausages were shelf stable products and therefore 
could be safely kept under refrigerated condition for several weeks. 
3.3.1 Analysis of raw buffalo meat: Raw meat and heart was analyzed for 
moisture, protein, ash, fat content (AOAC, 1990) and total plate count, yeast 
and mold count (APHA, 1992). pH of the raw buffalo meat and heart was 
determined by digital pH meter (Yarco, India). 
Detailed methods of evaluation for physicochemical, microbiological, 
sensory and textural characteristics of fresh and fermented sausages are 
being given below: 
3.3.2 Evaluation of physico-chemical characteristics of the products 
The samples of fresh and fermented sausages were analysed for pH, 
moisture content, and thiobarbituric acid number. 
54 
Materials and methods 
3.3.3 Estimation of moisture 
Moisture content of sausage samples were evaluated as given in Food 
Industry Manual (Ranken and Kill, 1993), lOg raw buffalo meat was weighed 
into a flat-bottom, dried tared petridishes. The dishes and its content were 
placed in hot air oven (Yorco, India) thermo statistically controlled at 150 + 
5°C and heated until successive weighing showed no further loss. At the end, 
the dishes were removed from the oven and placed in a desiccators allowed to 
cool and weighed. Following formula was used for the estimation of percent 
moisture content of the samples: 
w . /o/^ Loss in weight ^^.^. 
Moisture content, (%)= ^— X100 
Initial weight 
3.3.4 Estimation of ash 
Ash content of dried sample was weighed and ignited at the temperature 
650°C for 6 hours in the crucible furnace (Tanco, India). It was then taken out 
and allowed to cool for a moment and placed in desiccators until cooled and 
finally weighed to a constant weighted. 
/n/N Final weight of ash ^, _„ 
Ash content,(%) = ; ~ A^ lOO 
Initial weight of sample 
3.3.5 Protein Estimation 
Protein was analytically estimated by determining the amount of total 
nitrogen in the sample. 
Amount of protein in the sample = total nitrogen x 6.25 
5g of finely minced meat was transferred into a digestion flasks and 2g 
of catalyst mixture was also added. Then 10 ml concentrated sulphuric acid 
was poured into the mixture and kept for gentle heating. The heating was 
continued until frothing ceased, further it was boiled and continued the 
digestion for a time until the mixture became colourless. The complete 
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digestion required at least 2 hours. The flask was cooled after digestion and the 
digested liquid was filtered. The volume of this sample was made upto 250 ml. 
The water was boiled in the steam generator, gently. 
A 10 ml aliquot of sample was taken and transferred into the distillation 
tube through the small funnel, and 40 ml of 30% NaOH was also added into the 
same tube. The stopcock cormecting to small furmel was closed. The steam trap 
thus compelled the steam to pass through the distillation tube. The ammonia 
librated from the reaction mixture was absorbed in 10 ml of 2% boric acid 
solution. Distillation was continued for five minutes. 
This solution was titrated against N/100 HCl using mixed indicator. The 
blank was run in the second test of experiment and the titration was done in a 
similar way. 
Calculation 
Percentage nitrogen is expressed as 
_ {Sample - blank) xNof HCl x\4x volume made up of digested 
A liqot of digest xwt.of sample x 1000 
3.4.6 Fat estimation 
20 g of minced meat was transferred to a thimble, which was of porous 
paper. The thimble was placed in the extracting tube and this tube was 
connected with the weighed flask and also the condenser. 
The heat vaporized the volatile solvent, which passed up the side arm 
and was condensed in the condenser. The condensed solvent fell drop by drop 
onto the thimble. When sufficient amount of solvent had thus been transferred 
to the extracting tube to fill the siphon arm, it siphoned back over into the 
weighed flask. This process was continued for 20 hours until the extraction 
was completed. Then the bottom flask was removed, the volatile solvent was 
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evaporated and fat extracted was obtained as residue. The following formula 
was used to express fat content of sample. 
^ .„xx wt. of residue left after evaporation of solvent , „ 
Fat content (%) = ^-^ x 100 
wt. of sample 
3.3.6 pH Measurement 
pH of the finely minced samples were determined after homogenizing 
lOg of the sample with 50 ml distilled water using laboratory grinder (Yarco, 
India.). The pH of the suspension was recorded using reference and glass 
electrode portable type Digital pH meter (Thermon Orion, USA). 
3.3.7 Evaluation of thiobarbituric acid (TBA) number 
Thiobarbituric acid number TBA reagent was prepared by dissolving 
0.2883 g of thiobarbituric acid sufficient quantity of 90% acetic acid and by 
slight warming, the volume was made upto 100 ml with 90% acetic acid. 
TBA number was measured by the method described by strange et al. 
(1975). Five ml of the extract was mixed with 5 ml of TBA reagent in a test 
tube. The test tube was kept in a water bath at 100°C for 30 min along with 
another test tube containing a blank of 5 ml of 10% TCA and 5 ml of TBA 
reagent. After cooling the tubes in running water for about 10 min., the 
absorbance was measured at 530 nm in a spectrophotometer (Digital 
spectrophotometer Model 310E, India) and reported as TBA number. 
3.3.8 Evaluation of microbiological characteristics 
All the samples were evaluated for direct plate count using serial 
dilution spread plate technique with nutrient agar medium for total plate count 
and potato dextrose agar for yeast and mold count (APHA, 1992). Total plate 
count and yeast and mold count of fresh and fermented sausages were 
evaluated in fresh condition and during refrigerated storage at temperatures (0 
and 4°C respectively) after constant intervals. 
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For determination of total plate count and yeast and mold count, the 
samples was taken with sterile knife, comminuted to fine particles in a tssue 
homogenizer (Yarco, India) and then transferred to a test tube containing 9 ml 
of normal saline solutions. The sample was homogenized in the cyclomixer 
(mode CM-101, India) Serial dilutions were made by transferring 1 ml of 
extract from each dilutions and finally the sample were inoculated in the 
petridishes containing solid nutrient media and potato dextrose agar. The 
colonies were counted after 24-48 hr incubation. 
3.3.11 Evaluation of Sensory Characteristics 
Sensory attributes such as colour, aroma, texture, taste, and juiciness of 
the fresh and fermented sausages were evaluated as recommended by 
Ranganna (1994) by Hedonic rating test. A trained panel consisting of 14 
expert's judges was selected to evaluate the sample through properly planned 
experiments. The panelists were selected from the staff and students of 
Department of Post Harvest Engg. and Technology, Faculty of Agricultural 
Sciences, AMU, Aligarh. 
The requirement for panel membership are (i) good health (ii) average 
sensitivity (iii) high degree of personnel integrity (iv) intellectual curiosity and 
interest in sensory evaluation (v) ability to concentrate and learn;and (vi) 
availability and willingness to spend time in evaluation and submission to 
periodic test for acuity and consistency. Candidates possessing these qualities 
are indexed with details of age, sex; specific likes and dislikes etc. Laboratory 
panels are then carefully trained for specific product. These tests aim at finding 
differences in specific quality of characteristics between different stimuli and 
also direction and/or intensity of the differences. Periodically the panel is given 
refresher training. 
Colour attribute can be judged by eye. It also includes size, shape, 
uniformity, maturity and absence of defects. Odour/aroma is a vastly complex 
sensation, is the most important factor in flavour. Flavour embraces the sense 
of taste, smell and feeling. As for as human being concerned, it is generally 
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agreed that the sense of taste is limited to sweet, sour, salty and bitter only. The 
dimensions of these tastes could be estimated chemically, but their optima in 
relation to consumer preferences, especially when they occur in combination in 
a complex food are not fully understood. For example; there are large numbers 
of food items having sweet taste. How ever consumers liking for sweetness 
differ from one person to another. 
Texture is the property of food, which is associated with the sense of 
feel or touch experienced by finger or the mouth. Texture attribute is best 
indicated by sensation caused by contact with hard and soft parts of the mouth. 
Juiciness attribute is properly evaluated by experiencing the juice released 
during chewing of food products. 
Samples were served to the panelists and they were asked to rate the 
acceptability of the product through sense of organs. Different attributes viz. 
colour, aroma, texture, taste, and juiciness of the fresh and fermented sausages 
were rated on the basis of the 9 points of the hedonic scale ranging from 1 
(extremely dislike/ most undesirable) to 9 (extremely like/most desirable). A 
test proforma was also supplied to the panelists at the time of evaluation. It is 
given here, 9=like extremely, 8=like very much, 7=like moderately, 6=like 
slightly, 5=neither like nor dislike, 4=dislike slightly, 3=dislike moderately, 
2=dislike very much, l=dislike extremely. 
3.3.12 Instrumental Texture Analysis 
Texture analysis of sausages was conducted by TAHD type texture 
analyzer (SMS, England). The instrument is versatile and different textual 
properties of food can be measured using various probes available for the 
attachment to the instrument. For textural study of sausage Guillotine knife 
probe was selected. The pre test speed was kept 2.00 mm/s test speed. 2.00 
mm/s while post-test speed was kept as 5.00 mm per second. The test was 
conducted on 100% strain with an auto trigger force of 10 gram. The samples 
were kept a grooved fixture at room temperature and automatically detected 
after cutting with Guillotine knife and the curve was generated by Software 
59 
Materials and methods 
'texture expert'. Positive peak force was indicating the hardness of the sample. 
The hardness is inversely related with tenderness. 
3.3.13 Statistical analysis 
Data obtained from experimental observations (n=6), were subject 
ed to analysis of variance (ANOVA) as described by Cochran and Cox 
(1992). 
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CHAPTER-4 
RESULTS AND DISCUSSION 
The present study was carried out for development, quality evaluation 
and shelf life evaluation of fresh and fermented sausages of buffalo meat 
incorporated with different levels of buffalo heart and fat. Four levels of heart 
namely 0, 10, 15 and 20% were selected along with three levels of fat viz. 15, 
20 and 25% respectively for study on fresh sausages. At each level of fat, four 
levels of heart were incorporated and thus in all twelve (four x three), samples 
of fresh sausages were prepared from the controlled mix. Similarly twelve 
samples of fresh sausages were prepared from the antioxidant (Sodium hexa 
meta phosphate, SHMP) treated meat mix. 
Fermented sausages (semi dry type) were prepared using three levels of 
heart namely 0, 15 and 20% and two levels of fat viz. 20 and 25% respectively. 
Thus in all six samples (three x two), of sausages were prepared from 
controlled and six from antioxidant (Sodium ascorbate, SA) treated meat mix. 
The quality of sausages developed was established on the basis of 
physico-chemical characteristics (pH, moisture content and thiobarbituric acid, 
TBA number), microbiological characteristics (total plate count), sensory 
characteristics (colour, aroma, texture, taste juiciness) and instrumental texture 
characteristics, namely hardness and tenderness. For evaluation of shelf life of 
fresh sausages during refrigerated storages (0°C), these quality-measuring 
characteristics were estimated after every 7"^  day till the end of shelf 
life/beginning of spoilage condition of sample. The criteria of shelf life and 
finally spoilage condition were defined on the basis of microbiological 
characteristics, thiobarbituric acid number and sensory characteristics. Self-life 
of fermented sausage (semi dry type) was evaluated under refrigerated 
temperature (4° C) and was defined by similar characteristics as in case of fresh 
sausage. The results and discussions related to raw meat characteristics, 
development and quality evaluation of fresh and fermented sausages, both in 
fresh and preserved conditions have been presented in this chapter separately 
under appropriate sub sections respectively. 
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4.1 Analysis of raw buffalo meat and buffalo heart 
The proximate composition of raw buffalo meat and heart obtained 
after chemical analysis has been presented in Table- 4.1. The raw buffalo 
meat had 74.5 % moisture content, 7.0 % fat, 17.5 % protein and 1.0 % ash 
content and the heart had 76.21% moisture content, 4.3% fat, 17.2% 
protein, and 1% ash content. Carbohydrate was absent in lean meat, while, 
heart had 1.3 % carbohydrate. The pH values of raw buffalo meat and heart 
were respectively 5.67 and 5.93 and log TPC/g values, respectively 3.17 
and 3.75. 
TabIe-4.1 Analysis of buffalo meat and heart taken as raw material 
for fresh and fermented sausage 
Constituents* 
Moisture content, % 
Ash content, % 
Protein content, % 
Fat content, % 
Carbohydrate, % 
pH 
Total plate count 
(Log TPC/g) 
Yeast and mold 
count 
Raw buffalo meat 
74.5±0.31 
1.0±0.012 
17.5±0.047 
7.0±0.011 
-
5.67±0.013 
3.17±0.13 
ND 
Buffalo heart 
76.21±0.42 
1.0±0.014 
17.2±0.056 
4.3±0.015 
1.3±0.023 
5.93±0.015 
3.75±0.16 
ND 
• Values are means of six repliccates±SD 
• ND • Not detected 
4.2 Fresh sausage 
4.2.1 Development of fresh sausage and effects of incorporation of heart 
and different levels of fat on different quality characteristics 
The fresh sausages were developed from buffalo meat using different 
levels of heart and fat. The effect of different levels of heart including control 
(with 0 % heart) and different levels of fat on physico-chemical characteristics 
like pH, moisture content and TBA number, microbiological characteristics 
namely total plate count, yeast and mold count, sensory and textural 
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characteristics of the product was examined just after preparation as described 
below: 
4.2.1.1 Physico-chemical characteristics of fresh sausages 
(ii) pH 
Table-4.2 presents the results of pH-evaluation of controlled and 
treated fresh sausages. However pH of only controlled sausages samples is 
being discussed in this section. The initial pH of fresh sausages (with zero heart 
level) was found to be 5.75. The heart and fat incorporation significantly 
(p<0.05) increased the pH of fresh sausages. 
The increase in pH after heart incorporation was due to higher pH of 
heart as compared to pH of lean meat (Table - 4,1). The significant (P<0.05) 
increase in pH, due to increasing levels of fat might be due to the fact that 
fat/lipids are neutral and therefore increasing level of fat caused reduction in 
hydrogen ion concentration. pH is defined as reciprocal of log of hydrogen ion 
concentration, ft means that pH increased with decreasing hydrogen ion 
concentration. 
Fresh sausages contained sufficient quantity of fat and therefore the 
fresh product was prone to lipid oxidation and development of warm over 
flavour (WOF). The antioxidant (SHMP) treatment was given at level of 500 
ppm to fresh sausage to prevent the fat oxidation during storage. The details of 
the effect will be discussed under TBA number section. 
Table-4.2 shows the results of pH evaluation of treated sausages 
samples. The initial pH of treated fresh sausages (without heart) was found to 
be 5.85. The initial pH of treated fresh sausage was little higher than its 
controlled counter part. The increase in pH was due to SHMP treatment, which 
caused polyanion formation in meat (Hamme et al., 1970). The levels of fat and 
heart both significantly (p<0.05) increased the pH of fresh sausages. However 
the combined effect did not significantly (p<0.05) increase the pH of fresh 
sausages. 
The increase in pH after heart incorporation was due to higher pH value 
of heart muscle as compared to that of lean meat. The increasing fat level also 
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caused increase in pH as lipids and fats are neutral and reduced the hydrogen 
ion concentration of entire sausages. All the three factors namely (i) treatment 
Table 4.2: Evaluation of physico-chemical and microbiological characteristics of 
buffalo meat fresh sausages just after preparation. 
Controlled pH* Moisture TBA number*, Total plate 
samples/ Content*, mg/kgof count 
sample code % malonaldehyde Log TPC/g 
Yeast & mold 
count, Log 
Y&MC/g 
Shofi 
Sh,f, 
Sh2f, 
Shjf, 
Shof2 
Sh,f2 
Sh2f2 
Sh3f2 
Shof3 
Sh,f3 
Sh2f3 
Sh3f3 
5.75±0.18a 
5.94±0.26b 
5.98+0.24b 
6.07+O.llb 
5.92±0.11a 
5.98±0.18bc 
5.99+0.20bc 
6.11±0.10bc 
5.98±0.07ad 
6.08±0.10bd 
6.12±0.10bd 
6.14±0.12bd 
Treated sample 
St ho fi 
St h, f, 
St h2 fi 
St h3 fi 
St ho f2 
Sth , f2 
St h2 f2 
St h3 f2 
Sthofj 
St h, f3 
St h2 f3 
Sth3f3 
5.85±0.08a 
6.14±0.10b 
6.17±0.09b 
6.13±0.21b 
6.17+0. Mac 
6.23±0.09bc 
6.28±0.05bc 
6.30+0.08bc 
6.2410. lOad 
6.31±0.12bd 
6.35±0.09bd 
6.36+0.09bd 
68.7±0.76ab 
68.9±0.59ab 
69.3±0.8ab 
67.9+1.06ab 
64.7±1.03bc 
64.6±0.73bc 
65.3+0.53bc 
64.8±0.54bc 
60.9±0.67bd 
61.9±0.77bd 
62.5+0.83bd 
62.8+0.22bd 
68.3±1.02ab 
67.8±1.27ab 
69.4±0.94ab 
70.3±0.75ab 
65.3±0.60bc 
64.9±0.82bc 
64.5±0.65bc 
64.7+0.81 be 
61.8±0.86bd 
61.310.6 Ibd 
62.ll0.60bd 
62.9l0.85bd 
0.214l0.027ab 
0.20210.016bc 
0.19210.016ab 
0.18510.017bc 
0.292l0.016ad 
0.22910.018cd 
0.270l0.028cd 
0.261l0.016ae 
0.29210.015be 
0.29210.015be 
0.321l0.021be 
0.33010. lObe 
0.191l0.074ab 
0.18710.025ac 
0.17510.017ac 
0.19410.018ac 
0.16810.028ab 
0.183l0.020ac 
0.173l0.024ac 
0.18710.016ac 
0.21210.212ac 
0.23110.017ac 
0.254l0.029ac 
0.247l0.028ac 
3.3410.16ab 
3.56l0.42ab 
3.86l0.26ab 
3.78l0.08ab 
3.3 810.2 lab 
3.29l0.29ab 
3.4610.18ab 
3.5210.17ab 
3.6810.16ab 
3.7410.16ab 
3.5910.1 lab 
3.8210.14ab 
3.14l0.25ab 
3.2310.19ab 
3.3610.16ab 
3.3710.12ab 
2.1810.2 lab 
3.10+0.24ab 
3.2310.2 lab 
3.31l0.20ab 
3.2410.1 Sab 
3.18l0.16ab 
3.2910.19ab 
3.31l0.20ab 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
* Values are means of six replicatesiSD, 
Means with different letters in a column differ significantly (P<0.05), 
S ^Controlled samples, St^Treated samples, hO, hi, h2 & h3-»0, 10, 15, 20 % heart respectively and 
fl, f2 and 0-> 15, 20 & 25% fat respectively ND ^Not detected 
of SHMP (ii) increasing level of heart and (iii) increasing fat level increased 
the pH of treated fresh sausage. 
(ii) Moisture content 
Moisture content of fresh sausage is an important property related 
to the sensory and textural qualities and shelf life. Moisture content of fresh 
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sausage samples with 0, 10, 15 and 20% heart and with 15% fat were found to 
be 68.7, 68.9, 69.3 and 67.9% respectively (Table-4.2). Increasing levels of fat 
significantly (p<0.05) decreased the moisture content of fresh sausages. 
However, increasing levels of heart did not significantly (p<0.05) affect the 
moisture content of fresh sausages. The initial moisture content of treated fresh 
sausages, with different levels of heart (0, 10, 15 and 20%) was found to be 
60.9, 6.14, 63.2 and 64.5% respectively. Results of moisture content of treated 
fresh sausages showed similar trend of heart and fat incorporation. It was noted 
in case of treated meat samples that decrease in moisture content in SHMP 
treated samples during storage was less as compared to their controlled 
counterpart. This was due to increased water binding capacity (WBC) of fresh 
sausage samples prepared from SHMP treated meat mix. In this reference 
Hamm (1970) had summarized the effect of polyphosphate on increase in 
WBC in meat products due to (1) increase in pH and ionic strength (2) ability 
to chelate divalent metal ions (3) ability to bind meat proteins and (4) ability of 
phosphates to dissociate actomyocin in to actins and myosin. 
(iii) Thiobarbituriacid number 
The fresh sausages contain good quantity of fat and therefore the product is 
prone to lipid oxidation, which leads to onset of rancidity and finally warm over 
flavour. Thiobarbituric acid number is estimated to know the extent of oxidation of 
fat. In muscle food system 2-thiobarbituric acid (TEA test. Melton, 1983) is a 
measure of rancidity of fat. The extent of oxidative rancidity is normally expressed in 
terms of TBA numbers or value (mg per kg. of malonaldehyde of sample). 
Malonaldehyde is found in meat products containing oxidizing polyunsaturated fatty 
acids and reacts with TBA to produce a coloured complex with absorption maximum 
at 530-532 mm. The red pigment obtained is due to the reaction resulted from 
condensation of two moles of TBA with one mole of malonaldehyde (Sinnhuber et 
al., 1958). The intensity of colour was originally believed to be a measure of 
malonaldyhyde concentration (Tarladgis et al., 1964) and had been organoleptically 
correlated with rancidity (Zisper et al., 1964). 
Table-4.2 shows the results of TBA number of controlled and SHMP 
treated fresh sausages just after preparation. Increasing level of heart and fat 
65 
Results and discussion 
significantly (P<0.05) increased the TBA number of controlled fresh sausages. 
However in case of SHMP treated sausages different levels of fat did not 
significantly affect TBA number. Interactive effect of heart and fat levels was 
also noted and it was found that interaction significantly (P<0.05) affected 
TBA number in case of controlled sausage while it had no significant (P<0.05) 
effect on treated fresh sausages. The treatment with SHMP considerably caused 
reduction of TBA number, as SHMP was strong antioxidant and prevented 
development of rancidity in the fresh sausage samples during storage (Table-
4.2). Tims and Watt (1958) demonstrated that addition of phosphate protected 
cooked meat from auto oxidation. This was shown to be true for pyrophosphate 
and hexametaphosphate. Sato and Hegarty (1971) also verified the effects of 
phosphates in preventing or delaying rancidity in cooked meat. Phosphates act 
by chelating the ions, thus preventing their pro-oxidant effect in meat system. 
This is especially important in case of Fe , which has been shown to be the 
major catalyst of lipid oxidation in cooked meat (Love and Pearson, 1974; 
Igeneetal., 1979b). 
4.2.1.2 Microbiological characteristics 
(i) Total plate count of fresh sausage 
Total plate count of the fresh sausage represents the bacterial load, 
which in turn is mdicative of quality of fresh sausage. Ranken and Kill (1993) 
described the relation of bacterial population and meat products quality in the 
following manner: Bacterial count 10^  per g-excellent quality, lO'* per g-very 
good quality, 10^  per g-medium quality but rejection limit in many commercial 
contract, 10^  per g-spoilage begins, 10* per g-meat smells, 10^  per g-meat 
becomes slimy. The fresh sausages prepared in hygienic conditions in present 
study were found to have log TPC/g values 3.34, 3.56, 3.86 and 3.78 for 
samples with 0,10,15 and 20% heart respectively, each with 15% fat (Table 
4.2). The TPC (expressed in log TPC/g) of twelve controlled samples of fresh 
sausages were found in the range of 3.29-3.86. Different levels of heart and fat 
incorporation did not significantly (P<0.05) affect the total plate counts of fresh 
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sausages. Twelve samples of SHMP treated fresh sausages had log TPC/g 
values between 2.18 and 3.37. Different levels of heart and fat did not 
significantly (P<0.05) affect log TPC/g values of treated fresh sausages. 
(ii) Yeast and Mold Count: Yeast and mold count was not detected in the 
fresh sausages samples in the fresh condition (Table-4.2). 
4.2.1.3 Sensory characteristics 
Sensory characteristics of fresh (cooked) sausages expressed in terms of 
sensory attributes namely colour, aroma, texture, taste and juiciness were 
evaluated by a group of panel members on a nine point Hedonic scale. The 
results of sensory evaluation have been presented in Table-4.3. The colour 
scores of controlled fresh sausages were found to be in the range of 7.4-7.9 
showing the 'like moderately' and 'like very much' condition, while the colour 
score of treated sausage sample were little lower in score values as compared to 
their controlled counterpart. The score values of aroma were found to be above 
'very good' level (the score values were found in between 8.3 and 8.7) for 
controlled samples. The treated samples had score values for aroma between 
8.1 and 8.4. Texture, taste and juiciness of controlled sausages of controlled 
fresh sausages were found to be above score of eight, while texture score of 
treated samples were found to be a little higher as compared to their controlled 
counterpart. It was found that different levels of heart and fat incorporated in 
sausage mix significantly (P<0.05) improved the colour of controlled fresh 
sausage, while in case of treated sausage only different levels of fat, not the 
different levels of heart significantly (P<0.05) affected the colour. Interactive 
effect of heart and fat also did not significantly (P<0.05) affect the colour of 
treated fresh sausages. The aroma of both controlled and treated fresh sausages 
was significantly (P<0.05) improved by increasing different levels of heart and 
fat (Table-4.3). Interactive effect of fat and heart also did not significantly 
(P<0.05) improve the aroma of controlled fresh sausages. Textures of 
controlled fresh sausages were improved significantly (P<0.05) by increasing 
both heart and fat levels. However interactive effect of heart and fat did not 
significantly (P<0.05) improve the texture. Similar effects were also observed 
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in case of treated fresh sausages. Different levels of heart and fat did not 
significantly (P<0.05) affect the taste of controlled fresh sausages. However 
Table 4.3: Evaluation of Sensory Characteristics of buffalo meat fresh (cooked) 
sausage just after preparation 
Controlled 
samples/ 
sample code 
Shof, 
Sh,f, 
Shzf, 
Sh3f, 
Shofz 
Sh,f2 
Sh2f2 
Sh3f2 
Shof3 
Sh,f3 
Sh2f3 
Sh3f3 
Treated sample 
St ho f, 
St h, f, 
St h2 f. 
St h3 f, 
St ho f2 
St h, f2 
St h2 f2 
St h3 f2 
St ho f3 
Sth, f3 
Sth2f3 
St h3 fj 
Colour 
7.4±0.25ab 
7.6±0.33bc 
7.8±0.20bc 
7.2±0.16bc 
7.8±0.28cd 
7.7±0.28cd 
7.9+0.20cd 
7.3±0.24cd 
7.7±0.28ae 
7.5±0.]7ce 
7.8±0.25ce 
7.5±0.28ce 
7.1±0.29ab 
7.1±0.25ab 
7.0+0.2 lab 
7.1±0.37ab 
7.1±0.20bc 
7.210.16ac 
7.0±0.25ac 
7.1+0.25ac 
7.2+0.16ad 
7.3±0.17ad 
7.1+0.25ad 
7.2±0.28ad 
Score of Sensory attributes 
Aroma 
8.5+0.18ab 
8.3+0.24bc 
8.4±0.24bc 
8.2+0.17bc 
8.7±0.20ad 
8.6±0.24cd 
8.4±0.24cd 
8.3±0.25cd 
8.8+0.28ae 
8.5+0.20ce 
8.5±0.24ce 
8.5+0.37ce 
8.2±0.16ab 
8.1±0.20bc 
8.3+0.20bc 
8.0+0.28bc 
8.3+0.28ad 
8.2±0.29cd 
8.4±0.25cd 
8.3±0.20cd 
8.4+0.2 lae 
8.1+0.21be 
8.2+0.24be 
8.3±0.27be 
Texture 
8.2±0.24ab 
8.2+0.16bc 
7.9±0.21bc 
7.8±0.21bc 
8.2±0.24ad 
8.3±0.25cd 
8.2±0.25cd 
7.9±0.24cd 
8.8±0.27ae 
8.6±0.21ce 
8.4±0.24ce 
8.3+0.17ce 
8.3±0.10ab 
8.2+0.20bc 
8.1±0.20bc 
8.1±0.24bc 
8.7±0.25ad 
8.6±0.17cd 
8.410.16cd 
8.1±0.20cd 
8.8±0.24ae 
8.6+0.20be 
8.6+0.24be 
8.7±0.17be 
Taste 
8.3±0.32ab 
8.2+0.17ab 
8.3+0.28ab 
8.1+0.20ab 
8.5±0.26ab 
8.2±0.26ab 
8.310.2 lab 
8.2l0.20ab 
8.7l0.22ab 
8.5l0.22ab 
8.4+0.28ab 
8.3l024ab 
8.5+0.24ab 
8.3l0.25bc 
8.2+0.16bc 
8.4i0.25bc 
8.810.17ad 
8.3+0.20cd 
8.2l0.20cd 
86+0.25cd 
8.5+0.20ae 
8.3l0.22ce 
8.4l0.28ce 
8.410.24 
Juiciness 
8.3l0.28ab 
8.3+0.20ab 
8.2l0.25ab 
8.0+0.17ab 
8.410.17ac 
8.4+0.28ac 
8.5l0.23ac 
8.3+0.17ac 
8.5l0.29ad 
8.5i0.25ad 
8.6l0.29ad 
8.510.17ad 
8.5l0.20ab 
8.410.17ab 
8.310.2 lab 
8.3+0.37ab 
8.910.3 lac 
8.5l0.28ac 
8.410.20ac 
8.3l0.27ac 
8.7l0.25ad 
8.5l0.25ad 
8.5l0.29ad 
8.510.17ad 
* Values are means of six replicates+SD, Means with different letters in a column differ significantly 
(P<0.05), S-^ Controlled samples, St-> Treated samples, hO, hi, h2 & h3->0, 10, 15, & 20 % heart 
respectively and fl, f2 and D^15 , 20 & 25% fat respectively 
taste of treated sausages were significantly (P<0.05) improved by increasing 
the levels of heart and fat. Juiciness of controlled fresh sausage was not 
significantly (P<0.05) affected by increasing levels of heart. However 
increasing fat levels significantly (P<0.05) improved juiciness of controlled 
fresh sausages. Interactive effects of fat and heart also did not significantly 
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(P<0.05) affect the juiciness of fresh sausages. Different levels of fat 
significantly (P<0.05) improved juiciness of treated sausages, however, 
different levels of heart did not significantly (P<0.05) affect the juiciness of 
fresh sausages. Interaction of heart and fat also significantly (P<0.05) improved 
juiciness of treated fresh sausages. 
4.2.1.4 Instrumental texture analysis (in fresh condition) 
(i) Texture analysis of raw sausage 
Instrumental texture measurement of fresh sausage was 
conducted both in raw and cooked conditions. Table 4.4 presents the results of 
texture measurement of buffalo meat fresh sausage (BMFS) samples 
(controlled and in raw conditions). Positive peak forces (PPF) of the samples 
describe the hardness, which is inversely related with tenderness. Graphs of 
texture analysis have not been shown (as it required 96 pages). Consequently a 
schematic diagram of texture analysis has been depicted in Fig 4.1. Both the 
parameters, increasing levels of heart and fat significantly (P<0.05) decreased 
hardness/increased tenderness in fresh sausages. Interactive effect of heart and 
fat was also noted. Interaction also significantly (P<0.0) reduced the hardness. 
The samples of BMFS with 0, 10, 15 and 20% heart and 15% fat had the PPF 
values of 705.2, 658.7, 655.3 and 640.5 g respectively. It is clear from these 
results that values of PPF are in decreasing order. It was observed that 
increasing levels of heart reduced the hardness or increased tenderness. Similar 
results were obtained for BMFS with 20% fat and four different levels of heart 
as in earlier case. The maximum, 25% level of fat was taken for similar study 
and the results were in close resemblance to that of 15 and 20% fat. Effect of 
increasing fat level on texture (hardness/tenderness) of fresh sausages was also 
noted. It was found that hardness further decreased/tenderness further increased 
by increasing fat levels and therefore sausage with 20%) heart and 25%) fat had 
lower values of PPF as compared to 15%) fat sausage samples (PPF of sample 
with 20%) heart and 25%o fat was lowest, 285.3 g). Table-4.4 presents the results 
of texture analysis of BMFS (raw and SHMP treated) with different levels of 
heart and fat. Both the parameters, increasing levels of heart and fat 
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Table 4.4:Texture analyses for measurement of hardness of fresh sausages 
both in raw and cooked condition (just after preparation). 
Controlled 
sample/sample 
Code 
Shof, 
Sh,f, 
Sh2f, 
Shaf, 
Shof2 
Sh,f2 
Sh2f2 
Sh3f2 
Shof3 
Sh,f3 
Sh2f3 
Sh3f3 
Treated sample 
St ho f, 
St h, f, 
St h2 fi 
St h3 fi 
St ho f2 
Sth, f2 
St h2 f2 
St h3 f2 
Sthofj 
St hi f3 
St h2 f3 
St h3 f3 
Positive Peak Force* 
(measuring hardness 
of raw sausages),g 
705.2±7.36ab 
658.7±6.99bc 
655.3±4.54bc 
640.5±6.12bc 
600.1±5.31ad 
590.0±5.71cd 
552.2±5.31cd 
555.3±5.35cd 
535.5±5.71ae 
475.8±6.2ce3 
375.8±6.53ce 
285.3±5.34ce 
880.7±6.99ab 
815.9±6.94bc 
755.4±8.57bc 
755.5±6.54bc 
610.8±6.98ad 
598.7±6.94cd 
595.0±8.21cd 
595.4±6.94cd 
594.7±7.3ae 
520.3±6.12ce 
515.1±6.12ce 
505.2±4.10ce 
Sample Code 
Sbho f, 
Sbh, fi 
Sbh2 f, 
Sbh3 f, 
Sbho f2 
Sbh, f2 
Sbh2 f2 
Sbh3 f2 
Sbho f3 
Sbh, f3 
Sbh2 fs 
Sbh3 f3 
Sbtho f, 
Sbth, f. 
Sbth2 f. 
Sbthj f. 
Sbtho f2 
Sbth, f2 
Sbth2 f2 
Sbth3 f2 
Sbtho f3 
Sbth, f3 
Sbth2 f3 
Sbth3 f3 
Positive Peak Force* 
(measuring hardness of 
cooked sausages),g 
1370.2+7.13ab 
1365.6±9.41bc 
1345.8±6.97bc 
1315.2±7.76bc 
1210.6.±8.98ad 
1175.8±7.76cd 
1178.0±8.98cd 
1170.7±7.13cd 
910.0±8.17ae 
915.7±6.94ce 
908.1±7.36ce 
905.2±8.17ce 
1410.1±7.34ab 
1405.3±7.40bc 
1390.516.12bc 
1378.6+7.78bc 
1285.2±7.36ad 
1280.1±7.76cd 
1260.6±5.31cd 
I125.3±6.54cd 
1125.5±6.54ae 
1087.8±6.97ce 
1087.2+7.48ce 
1000.2±7.36ce 
Values are means of six replicates ±SD; Means with different letters differ significantly (P<0.05) 
5 -)• Sample of raw sausage (controlled), St-> Raw sausage samples (treated), ho, h,, h2, h^ ^  0,10, 15, 
6 20% heart, Sbt^ Sample of cooked sausages (treated), Sb -> Sample of cooked sausages 
(controlled), fl, f2 and O -^15, 20 &25% fat 
significantly (P<0.05) decreased hardness/increased tenderness in SHMP 
treated fresh sausages. Interactive effect of heart and fat was also noted. 
Interaction also significantly (P<0.0) reduced the hardness. Similar effects of 
increasing levels of heart and fat as in case controlled fresh sausages were also 
observed. The additional effect of SHMP treatment on fresh sausage was that 
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PPF were found to be greater than their controlled counterpart. This was due 
the fact that SHMP treatment improved the compactness of fresh sausages and 
because of increased water binding capacity (WBC) of fresh sausage samples 
prepared from SHMP treated meat mix. In this reference Hamm (1970) had 
summarized the effect of polyphosphate on increase in WBC in meat products 
due to (1) increase in pH and ionic strength (2) ability to chelate divalent metal 
ions (3) ability to bind meat proteins and (4) ability of phosphates to dissociate 
actomyocin in to actins and myosin. 
Force (g) 
800.0 
20,0 25,0 
Time (sec.) 
Fig.4.1 Texture analysis of fresh sausages (positive peak force in g 
measured the hardness) 
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(ii) Texture analysis of cooked sausage 
The results of texture analysis of cooked fresh sausages (controlled and 
treated) have been presented in Table-4.4 It is clear from the results of texture 
analysis that cooked fresh sausages had greater values of PPF indicating the 
more compactness as compared to their raw counterpart. It was true for both 
controlled and treated samples. This showed that cooking increased the 
compactness of fresh sausages. Cooking of sausages led to the coagulation and 
denaturation of meat protein, which ultimately increased hardness/compactness 
(Pearson and Gillette, 1997). Both of the parameters, namely increasing levels 
of heart and fat significantly (P<0.05) decreased the hardness of fresh sausages. 
The interactive effects of heart and fat were also noted and it was found that 
interaction significantly decreased the hardness of cooked fresh sausages 
(controlled and treated). 
4.2.2 Effects of refrigerated storage (O" C) on quality characteristics of 
fresh sausages 
4.2.2.1 Physico-chemical characteristics 
(i) pH 
To study the storage behaviour and evaluate shelf life of fresh sausages 
under refrigerated condition at 0°C, the graph between pH vs storage period 
(days) was plotted. The polynomial regression of the graph has been shown just 
below normal graph (Fig.4.2-4.4). Data of pH study during refrigerated storage 
were found to best fit in the polynomial regression rather than linear regression 
(Table-4.5). The equations of regression curve and correlation coefficient (R )^ 
have also been depicted on the regression graph. The experimental and 
predicted curves have been indicated by different colours in the graph for each 
levels of heart (0, 10, 15, & 20%) and for a particular level of fat. Fig.4.2 
represents the graph of four sausages samples with different levels of heart and 
15% fat. Positive sign in the coefficient of x shows that pH first increased and 
negative sign in the coefficient of x^  shows that values of pH were decreasing 
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Fig.4.2 Evaluation of pH buffalo meat controlled fresh 
sausage (with different levels of heart and 15% fat) during 
refrigerated storage (OC) 
10 20 
Storage period, days 
•0% heart 
•10% heart 
15% heart 
•20% heart 
40 
X 
Q. 
c 
Regression analysis 
0006x2 •^  0 0108X •^  6 1239 y = -0 OOOAx^ + 0 0038x + 6 01 
R2 = 0.8725 R^ = 0.7706 J 
P ^ 0006x2 + 0 0154X + 5 751 
10 20 30 
Storage period, days 
1 
-•- 0% heart 
- • - 1 0 % heart 
15% heart 
- M - 20% heart 
Poly. (0% heart) 
Poly. (10% heart) 
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Poly. (20% heart) 
40 
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Fig.4.3 Evaluation of pH of buffalo meat controlled fresh sausage 
(with different levels of heart and 20% fat) during refrigerated storage 
(OC) 
10 15 20 25 
Storage period, days 
0% heart 
10% heart 
15% heart 
20% heart 
f = -0.0003x^ + 0 0035X + 5 994 
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Fig.4.4 Evaluation of pH of buffalo meat controlledf resh sausage 
(with different levels of heart and 25% fat) during refrigerated storage 
(OC) 
•0% heart 
-10% heart 
15% heart 
-20% heart 
10 20 30 
Storage period, days 
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Table 4.5:£valuation of pH* of buffalo meat fresh sausages (with different 
levels of heart and fat) during refrigerated storage (0°C) 
Controlled/ 
code of the 
sample 
Shofi 
Sh.f, 
Shzf, 
Shsfi 
Shof2 
Sh,f2 
Sh2f2 
Shsfz 
Shof3 
Sh,f3 
Shjfs 
Sh3f3 
Treated sample 
St ho fi 
St hi f, 
St h2 fi 
St h3 fi 
St ho f2 
St h, f2 
Sth2f2 
Sth3f2 
St ho f3 
St hi f3 
St h2 f3 
St h3 f3 
0 
5.75±0.18 
5.94±0.26 
5.98±0.24 
6.07±0.11 
5.92±0.11 
5.98+0.08 
5.99±0.20 
6.1110.10 
5.9810.07 
6.08+0.10 
6.12+0.10 
6.1410.12 
5.8510.08 
6.14+0.10 
6.1710.09 
6.1310.21 
6.1710.14 
6.2310.09 
6.2810.05 
6.310.08 
6.2410.10 
6.3110.12 
6.3510.09 
6.3610.09 
7 
5.8110.22 
6.1610.21 
6.2110.32 
6.2610.14 
6.1410.20 
6.1310.21 
6.1810.22 
6.23+0.32 
6.1810.12 
6.11+0.12 
6.1610.21 
6.1910.09 
5.9310.10 
6.21+0.11 
6.2310.10 
6.18+0.09 
6.2110.11 
6.2710.09 
6.3410.12 
6.3710.16 
6.2810.09 
6.3710.12 
6.4110.11 
6.44+0.13 
pH/Number of days 
14 
5.8910.18 
5.9810.16 
6.0610.21 
6.1810.21 
5.9810.26 
6.09+0.09 
6.2510.30 
6.1510.21 
6.0710.09 
6.18+0.21 
6.2310.06 
6.2110.08 
5.9810.11 
6.2010.12 
6.2110.12 
6.17+0.07 
6.2310.10 
6.1810.10 
6.19+0.10 
6.22+0.09 
6.2010.10 
6.2010.13 
6.3110.10 
6.3610.09 
21 
5.7810.20 
5.8810.26 
5.97+0.11 
6.03+0.20 
5.8710.09 
5.9710.26 
6.1410.21 
6.0710.20 
5.92+0.12 
5.96+0.11 
6.0810.20 
6.0510.11 
5.8810.10 
6.0710.10 
6.0910.21 
6.0710.10 
6.1010.10 
6.0710.09 
6.0810.11 
6.1710.08 
6.1910.09 
6.1710.08 
6.26+0.09 
6.28+0.08 
28 
5.6710.37 
5.7110.21 
5.8610.13 
5.9310.26 
5.81+0.13 
5.8510.25 
6.06+0.11 
5.8710.08 
5.84+0.09 
5.87+0.12 
5.9210.11 
5.9610.10 
5.81+0.14 
5.9910.12 
6.0210.20 
5.9910.12 
5.9810.14 
5.9410.11 
5.9610.09 
6.0310.10 
6.0810.13 
6.0610.13 
6.1810.01 
6.19+0.10 
35 
5.5410.21 
5.6910.16 
5.77+0.16 
5.8110.08 
5.7810.20 
5.8110.27 
5.8710.08 
5.7610.20 
5.80+0.20 
5.7510.09 
5.8410.08 
5.8710.11 
5.77+0.14 
5.9610.13 
5.9710.09 
5.9310.11 
5.9610.11 
5.91+0.10 
5.90+0.12 
5.9810.09 
5.9410.11 
5.99+0.13 
6.08+0.14 
6.0710.11 
* Values are means of six replicates±SD, S->Controlled sample, S, ^Treated sample hO, hi, h2 and h3 
^0,10,15 and 20% of buffalo heart fi, f2 and G ->15, 20 and 25% fat 
during further storage at 0°C. The R^  values for each regression curve in Fig. 
4.2 are respectively 0.9523, 0.7706, 0.7915 and 0.8725 
The perfection of correlation is represented by R^  = 1. The graphs take 
the curvilinear shape. Regression graphs show the comparison between 
experimental and predicted values. Similar correlation coefficients are also 
defining the correlation of pH and storage period in samples with 20 and 25% 
fat (Fig. 4.3 and 4.4). During storage, pH values first increased consistently for 
either 0-14 days or 0-7 days. On further storage pH started to decrease and 
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finally it reduced to a minimum value at the end of shelf life. In the first phase 
of storage the increase in pH was due to ripening of meat in fresh sausages 
(Ahmad et al., 2005). In the second phase of storage bacterial degradation of 
protein fat caused the formation of simpler compounds like fatty acids, carbon 
dioxide, amines and sulphur dioxide which caused the reduction of pH and 
finally off flavour was noted after complete spoilage. The pH values of fresh 
storages were evaluated till the end of shelf life, defined by total plate count, 
TBA number and sensory characteristics. The details of each of these three 
properties attributing shelf life have been later presented in the respective 
sections. The results of storage study of treated fresh sausages have been 
shown in graphs between pH vs storage period (days) (Fig. 4.5-4.7). The 
polynomial regressions of these graphs have been depicted just below it: The 
equations of regression curves and correlation coefficients have been shown on 
the regression graphs. Similar effects of storage on treated fresh sausages as in 
case of controlled sausages were noted. The experimental and predicted curves 
have been indicated by different colours in the graphs for each levels of heart 
(0, 10, 15 and 20%) and for a particular level of fat (Fig.4.5). 
(ii) Moisture content 
Moisture content of fresh sausage is an important property that 
determines the sensory quality and shelf life. Table-4.6 presents the results of 
moisture contents of fresh sausage both, controlled and treated samples. The 
initial moisture content of fresh sausages samples with 0, 10, 15 and 20% heart 
and 15% fat were found to be 68.7, 68.9, 69.3 and 67.9% respectively. It is 
clear from the Table-4.6 that as the fat content increased, the initial moisture 
contents of all the samples decreased consistently. 
Fig.4.8-4.10 shows the moisture content profile of controlled fresh 
sausage during refrigerated storage. The linear regressions of these graphs have 
been shown just below these Figures. The equations of regression lines and 
correlation coefficients are shown on the regression graphs. The negative sign 
in the coefficients of x explains that there was consistent decrease of moisture 
contents during refrigerated storage. The correlation coefficient values explain 
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Fig.4.5 Evaluation of pH of buffalo meat fresh sausage 
(SHMP treated, with diffeent levels of hesrt and 15% fat) 
during refrigerated storage (OC) 
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Fig.4.6 Evaluation of pH of buffalo meat fresh sausage (SHMP 
treated, with different levels of heart and 20% fat) during 
refrigerated storsage (OC) 
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Fig.4.7 Evaluation of pH of buffalo meat fresh sausage 
(SHMP treated, with different levels of heart and 25% fat) 
during refrigeraed storage (OC) 
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Table 4.6:Evaluation of moisture content*of buffalo meat fresh sausage (with 
different levels of heart and fat) during refrigerated storage at CC 
Controlled/ 
code of the 
sample 
Shof, 
Sh,f, 
Sh2f, 
Shaf, 
Shof2 
Shifz 
Sh2f2 
Sh3f2 
Shofs 
Sh.fj 
Sh2f3 
Shsfs 
Treated sample 
Sthofi 
St h, f, 
St h2 fi 
St h3 fi 
Sthof2 
St h, f2 
St h2 f2 
Sthsfz 
St ho f3 
St h, fs 
St h2 fs 
St h3 f3 
0 
68.7±0.76 
68.9±0.59 
69.3±0.80 
67.9±1.06 
64.711.03 
64.6±0.73 
65.3+0.53 
64.8+0.54 
60.9i0.67 
61.910.77 
62.510.83 
62.810.22 
68.311.02 
67.811.27 
69.410.94 
70.310.75 
65.310,60 
64.910.82 
64.510.65 
64.710.81 
61.8186 
61.3+0.61 
62.110.60 
62.910.85 
Percentage moisture content/Number of days 
7 
65.210.43 
64.210.45 
65.810.78 
65.610.84 
63.111.14 
63.810.80 
64.110.67 
63.710.68 
59.710.93 
60.810.82 
61.810.78 
61.410.73 
67.411.13 
66.611.08 
68.811.03 
68.810.93 
64.810.80 
63.810.73 
63.710.73 
63.310.93 
60.510.81 
60.810.78 
61.610.75 
61.710.81 
14 
63.810.75 
63.710.85 
64.710.69 
64.810.91 
62.6.310.67 
62.710.66 
62.810.91 
62.810.85 
58.310.69 
59.410.93 
60.710.94 
60.310.97 
66.1+1.32 
65.710.91 
67.310.87 
67.110.85 
63.710.78 
63.3+0.95 
62.910.87 
63.110.63 
59.410.92 
59.710.59 
60.910.58 
60.410.87 
21 
62.510.44 
62.810.75 
63.810.70 
62.910.90 
61.510.73 
62.110.91 
60.4+0.69 
60.410.78 
57.4+0.90 
58.310.68 
59.210.63 
58.310.87 
65.710.97 
64.410.85 
66.510.85 
66.811.19 
62.1+0.92 
62.710.67 
62.410.75 
62.8+0.77 
58.7+0.75 
59.410.87 
59.5+0.76 
59.110.95 
28 
61.710.52 
61.410.60 
62.510.87 
61.710.75 
59.410.70 
60.710.92 
59.3+0.82 
59.310.92 
55.910.95 
56.410.87 
57.310.69 
57.410.77 
64.610.85 
63.810.90 
65.710.79 
65.411.07 
61.8+1.04 
61.911.10 
61.610.63 
61.510.66 
58.410.69 
58.311.12 
58.710.82 
57.811.10 
35 
60.410.90 
60.910.73 
61.710.45 
60.610.56 
58.310.95 
59.211.12 
58.011.01 
58.711.13 
54.310.91 
53.610.80 
55.310.91 
53.510.77 
63.910.99 
62.911.21 
64.110.82 
63.710.98 
60.511.13 
60.810.87 
60.810.74 
60.910.87 
57.510.90 
57.710.93 
58.210.90 
56.711.12 
* Values are means of six replicates+SD, hO, hi, h2 and h3 -> 0,10,15 and 20% of buffalo heart fl, f2 
and f3-^15, 20 and 25% of fat, S->Sample of controlled fresh sausage, S, -> Sample of treated 
sausage 
the correlation between moisture content and storage period (days). The 
decreasing nature of moisture content with storage time (days) was in fact 
perfect at R^  = 1. The values of R^  for all twelve samples were in between 
0.8424 to 0.9892 (Fig. 4.8-4.10), which shows that correlations are almost 
perfect and the graphs may be approximated to a straight line. The moisture 
loss during storage was due to permeability of collagen casing. The moisture 
content loss has considerably affected the sensory quality of sausage like 
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Figure-4.8 Evaluation of moisture content of bufTalo meat 
controlled fresh sausages (with different levels of heart and 15% 
fat) during refrigerated storage at 0 C 
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Fig.4.9 Evaluation of moisture content of buffalo meat controlled 
fresh sausages (with different levels of heart and 20% fat) during 
refrigerated storage (OC) 
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64 1 
Fig.4.10 Evaluation of moisture content of buffalo meat 
controlled fresh sausage (with different levels of heart and 25% 
fat) during refrigerated storage (OC) 
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Fig.4.11 Evaluation of moisture content of buffalo meat fresh 
sausage (SHMP treated, with different levels of heart and 15% 
fat) during refrigerated storage (OC) 
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Fig.4.12 Evaluation of moisture content of buffalo meat fresh 
sausage (SHMP treated, with different levels of heart and 20% 
fat) during refrigeraed storage (OC) 
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Fig.4.13 Evaluation of moisture content of bufTalo meat fresh 
sausages (SHMP treated, with different levels of heart and 25% 
fat) during refrigerated storage(OC) 
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juiciness and texture. Fig. 4.11-4.113 are the graphs of moisture contents of 
SHMP treated fresh sausage during refrigerated storage. The linear regression 
graphs have also been shown just below these graphs. The equation of 
regression line and R values are also shown on the graphs itself. The negative 
sign in the equations show that there is over all decline of moisture during 
storage at 0°C. The values of R^  are also shown on the graphs itself The values 
of R^  were falling in the range of 0.9615 - 0.9966 (Fig. 4.11-4.13). This shows 
that the correlation between moisture content and storage period (days) were 
almost perfect. 
(c) TBA number of fresh sausages 
Table-4.7 and Fig. 4.14-4.16 represents the TBA number (mg/kg of 
malonaldehyde) profile of controlled fresh sausages samples during 
refrigerated storage. The values of TBA number were found to increase 
consistently during refrigerated storage. The linear regression graphs of these 
plots/figures have been shown just below it. The regression lines of four 
samples (0, 10, 15 and 20% heart) and 15% fat have been shown by different 
colour and 0, 10, 15 and 20% heart levels correspond to 1,2, 3, and 4 series. 
The equations of regression lines and correlation coefficients have been 
depicted on the regression graph. The positive sign in the equation shows that 
there was continuous increase of TBA number during storage. The values of 
correlation coefficients (R )^ were respectively 0.9919, 0.973, 0.9495 and 
0.9766 (Fig. 4.14). The values of R were very near to 1. Thus the graph may 
be approximated to a straight line and linear relation well fits and between the 
storage period and TBA number. Similarly the Fig. 4.15 and 4.16 exhibit the 
relationship between storage period (days) and TBA number. The regression 
line equations and correlation coefficients have been depicted on the graph. 
The values of R^  were again very near to 1 and so almost perfect relation 
existed between storage period and TBA number. There is correlation between 
sensory attribute (flavour) and TBA number of meat and meat products. Greene 
and Cumuze (1981) investigated the relation between TBA numbers and 
assessed oxidized flavour in cooked beef On the basis of panelists evaluation, 
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Table 4.7:Evaluation of thiobarbituric acid (TBA) number*of buffalo meat fresh 
sausage (with different levels of heart and fat) during storage at 0°C 
Controlled/ TBA number (mg malonaldehyde/l^)/Number of days 
code of the 0 7 14 21 28 35 
sample _ _ ^ 
Shofi 0.214±0.027 0.273±0.025 0.313±0.032 0.363±0.016 0.404±0.018 0.415±0.016 
Shif, 0.202±0.0I6 0.254±0.022 0.295±0.016 0.326±0.029 0.370±0.021 0.481±0.018 
Sh2fi 0.192±0.0160.234±0.031 0.285±0.031 0.338±0.018 0.371±0.016 0.470±0.024 
Shsfi 0.185±0.017 0.229±0.040 0.280±0.028 0.326±0.024 0.401±0.024 0.459±0.040 
Shof2 0.292±0.0I6 0.342±0.031 0.378±0.024 0.448±0.021 0.469±0.016 0.510±0.017 
Sh|f2 0.229±0.018 0.293±0.022 0.336±0.028 0.387±0.016 0.467±0.024 0.508±0.024 
Sh2f2 0.270±0.028 0.331±0.024 0.372±0.021 0.420±0.022 0.458±0.041 0.501±0.024 
Sh3f2 0.261±0.016 0.303±0.019 0.354±0.018 0.388±0.008 0.450±0.015 0.494±0.028 
Shofs 0.292±0.015 0.331i:0.017 0.372±0.0210.415±0.020 0.453±0.025 0.517±0.019 
Shif, 0.303±0.02l 0.344±0.024 0.382±0.031 0.464±0.028 0.507±0.026 0.538±0.027 
Sh2f3 0.321±0.031 0.362±0.025 0.407±0.028 0.458±0.035 0.519±0.036 0.560±0.021 
Shjfj 0.330±0.010 0.37I±0.021 0.423±0.023 0.454±0.031 0.515±0.022 0.567±0.029 
Treated sample 
St ho fi 0.191±0.024 0.217±0.034 0.223±0.043 0.234±0.0160.249±0.026 0.271±0.028 
Sth, f, 0.187±0.025 0.204±0.032 0.213±0.041 0.232±0.038 0.247±0.028 0.263±0.016 
St h2 fi 0.175±0.017 0.187±0.027 0.197±0.016 0.212±0.0160.243±0.024 0.257±0.025 
Sth3 fi 0.194±0.018 0.214±0.029 0.235±0.024 0.236±0.0160.254±0.033 0.266±0.031 
St ho fz 0.168±0.028 0.183±0.018 0.233±0.016 0.224±0.0240.255±0.026 0.268±0.024 
St hi f2 O.I83±0.020 0.197±0.024 0.212±0.032 0.262±0.0240.278±0.026 0.281±0.024 
St h2 f2 0.173±0.024 0.182±0.028 0.212±0.018 0.218±0.016 0.244±0.032 0.281 ±0.016 
St hs f2 0.187±0.016 0.212±0.023 0.251±0.031 0.262±0.024 0.274±0.016 0.293±0.028 
Sthofs 0.212±0.023 0.256±0.030 0.276±D.026 0.280±0.0420.297±0.036 0.312±0.039 
Sth, fj 0.231±0.017 0.261±0.027 0.285±0.028 0.295±0.0210.321±0.030 0.335±0.02 
St h2 fa 0.254±0.029 0.270±0.029 0.291±0.031 0.294±0.043 0.301±0.028 0.335±0.03 
St ha f3 0.247±0.028 0.263±0.029 0.277±0.035 0.303±0.031 0.328±0.043 0.357±0.025 
* Values are means of six replicatesiSD, fl, Q and fi ^ 15% , 20% & 25% fat respectively, hO, hi, 
h2 & h3-> 0, 10, 15,20 % heart respectively, S->Sample of controlled fresh sausage S, -> Sample of 
treated fresh sausage 
they reported that the range of TBA number for which these panelist as a group 
first detected a difference in intensity of oxidized flavour was 0.6 - 2.0. Studies 
of Tarladgis et al., (1960) also showed that the intensity of rancid odour 
detected in meat sample in close range of 0.5-1.0. It can be concluded that TBA 
test can be used to follow oxidation in muscles foods, although the test should 
be accompanied frequently by corresponding evaluation with trained sensory 
panel in studies of WOF in meat (Igene et al, 1979, 1985a). The treatment with 
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Fig. 4.14 Evaluation of TBA number of buffalo meat sausage 
(with different levels of heart and 15% fat) during refrgerated 
storage (OC) 
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0.6 1 
Fig.4.15 Evaluation of TBA numberof buflalo meat controlled 
fresh sausages (with different levels of heart and 20% fat) during 
refrigerated storage (OC) 
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Fig.4.16 Evaluation of TBA number of bufTaio meat controlled 
fresh sausages (with different levels of heart and 25% fat) during 
regrigerated storsge (OC) 
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Fig.4.17 Evaluation of TBA number of buffalo meat fresh 
sausages (SHMP treated, with different levels of heart and 15% 
fat) during refrigerated storage (OC) 
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Fig.4.18 Evaluation of TBA number of buffalo meat fresh 
sausage (SHMP treated, with different levels of heart and 20% 
fat) during refrigerated storage (OC) 
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Fig 4.19 Evaluation of TBA number of fresh buffalo sausage 
(SHMP treated, with different levels of heart and 25% fat) 
during refrigerated storage (OC) 
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SHMP considerably caused reduction of TBA number as SHMP was strong 
antioxidant and prevented development of rancidity in the fresh sausage 
samples during storage. Tims and Watt (1958) demonstrated that addition of 
phosphate protected cooked meat from auto oxidation. This was shovra to be 
true for pyrophosphate and hexametaphosphate. Sato and Hegarty (1971) also 
verified the effects of phosphates in preventing or delaying rancidity in cooked 
meat. Phosphates act by chelating the ions, thus preventing their pro-oxidant 
effect in meat system. This is especially important in case of Fe , which has 
been shown to be the major catalyst of lipid oxidation in cooked meat (Love 
and Pearson, 1974, Igene et al., 1979b). It was also verified by Sahoo and 
Anjaneyulu (1996, 97b). 
In case of treated samples as compared to control samples, TBA 
number values were much lower at the end of storage. The samples how ever 
were found to be with in safe limit of TBA number at the end of storage. But 
the TBA number of samples with 25% fat increased beyond 0.5 values after 35 
days of storage. 
4.2.2.2 Total plate count (IPC) 
Buffalo meat fresh sausages are food with high moisture and good in 
nutrition and therefore they are center for attraction of microorganism 
especially bacteria because of favorable pH for their growth. Total plate count 
of fresh sausages were evaluated and reported as log TPC/g. Initial total plate 
count (log TPC/g) of fresh sausages samples (with 0, 10, 15 and 20% heart) 
and with 15% fat was found to be 3.34, 3.56 and 3.86 and 3.78 respectively 
(Table-4.8). 
Fig. 4.20-4.25 represent the microbial profile for fresh sausages 
(controlled and treated) during refrigerated storage (O '^C). The linear 
regressions of these plots have been shown just below it. The equations of 
regression line and correlation coefficients have been depicted on the 
regression graphs. The positive signs of coefficients of x in the equations show 
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that there was consistent increase in the total plate count of fresh sausage 
samples during storage. The log TPC/g values increased beyond 6 after 28 
days. This particular count decided the shelf life of the sausages samples. The 
Table 4.8:£vaIuation of total plate count (TPC)'^  of buffalo meat fresh sausage 
(with different levels of heart and fat) during refrigerated storage (0°C) 
Controlled 
meat 
sample 
ShOfl 
Shlfl 
Sh2fl 
Sh3fl 
ShOfZ 
Shlf2 
Sh2f2 
Sh3f2 
ShOf3 
Shlfi 
Sh2f3 
Sh3f3 
0 
3.34±0.16 
3.56±0.42 
3.86±0.26 
3.78±0.08 
3.38±0.21 
3.29±0.29 
3.46±0.18 
3.52±0.17 
3.68±0.16 
3.74±0.11 
3.59±0.19 
3.82±0.14 
Treated meat sample 
S,hOfl 
Sthin 
S,h2fl 
S,h3fl 
SthOf2 
Sthlf2 
S,h2f2 
Sth3f2 
S,hOf3 
SthlD 
Sth2fi 
Sth3f3 
3.14±0.25 
3.23±0.19 
3.36±0.16 
3.37±0.12 
2.18±0.21 
3.10±0.24 
3.23±0.21 
3.31±0.20 
3.24±0.15 
3.18±0.16 
3.29±0.19 
3.31±0.20 
7 
4.18±0.15 
4.39±0.31 
4.42±0.23 
4.34±0.07 
4.27±0.15 
4.18±0.17 
4.07±0.15 
4.24±0.11 
4.48±0.12 
4.45±0.15 
4.37±0.14 
4.68±0.18 
4.32±0.17 
4.41±0.14 
4.35±0.13 
4.42±0.18 
4.16±0.23 
4.24±0.21 
4.35±0.26 
4.45±0.19 
4.18±0.13 
4.25±0.13 
4.38±0.12 
4.29±0.17 
Log TPC/g 
(Storage period, days 
14 21 
5.48±0.09 6.35±0.27 
5.76±0.10 6.32±0.27 
5.62±0.18 6.85±0.09 
5.53±.58 5.74±0.18 
5.39±0.81 6.24±0.08 
5.44±0.09 6.31±0.14 
5.34±0.80 6.28±0.14 
5.47±0.09 6.75±0.09 
5.44±0.19 5.88±0.07 
5.69±0.10 5.98±0.18 
5.56±0.29 5.94±0.13 
5.72±0.12 6.17±0.09 
5.13±0.13 5.78±0.21 
5.38±0.19 5.83±0.09 
5.29±0.16 5.92±0.23 
5.31±0.14 5.98±0.13 
5.15±0.17 5.74±0.15 
5.25±0.12 5.86±0.13 
5.29±0.17 5.92±0.25 
5.38±0.26 5.41±0.13 
5.27±0.11 5.84±0.27 
5.46±0.11 5.79±0.15 
5.52±0.15 5.86±0.27 
5.64±0.18 5.92±0.13 
) 
28 
6.7±0.18 
6.96±0.18 
7.04±0.08 
6.99±0.17 
6.98±0.14 
6.95±0.21 
6.89±0.21 
7.01±0.09 
6.90±0.07 
7.08±0.09 
6.76±0.09 
7.18±0.08 
6.45±0.13 
6.82±0.24 
6.95±0.16 
6.84±0.09 
6.65±0.10 
6.89±0.09 
6.74±0.14 
6.24±0.17 
6.75±0.23 
6.82±0.21 
6.78±0.10 
6.64±0.14 
35 
7.38±0.23 
7.44±0.21 
7.58±0.18 
7.84±0.21 
7.21±0.25 
7.35±0.26 
7.25±0.16 
7.47±0.15 
7.42±0.09 
7.45±0.15 
7.34±0.17 
7.52±0.13 
6.99±0.09 
7.05±0.21 
7.16±0.19 
7.36±0.15 
7.18±0.23 
7.27±0.17 
7.24±0.18 
6.98±0.13 
7.03±0.26 
7.14±0.17 
7.24±0.09 
7.15±0.23 
* Values are means of six replicatesiSD 
hO, hi, h2 and h3 ^0,10,15 and 20% of buffalo heart, fl, f2 and D -•IS, 20 and 25% of fat 
S—> Sample of controlled fresh sausage and S,—• Sample of treated fresh sausage 
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Fig.4.20 Evaluation of total plate count (TPQ of bufTalo meat 
fresh sausages (with different levels of heart and 15% fat) during 
refrigerated storage (OC) 
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Fig.4.21 Evaluation of TPC of bufTalo meat controlled fresh 
sausages (with different levels of heart and 20% fat) during 
refrigerated storage (OC) 
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Fig.4.22 Evaluation of TPC of buffalo meat controlled fresh sausages 
(with different levels of heart and 25% fat) during refrigerated 
storage (OC) 
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Fig.4.23 Evaluation of total plate count of buffalo meat 
fresh sausags(SHMP treated, with different levels of heart 
and 15% fat)during refrigerated storage (OC) 
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Fig.4.24 Evaluation of TPC of buffalo meat fresh sausages 
(SHMP treated, with different levels of heart and 20% fat) 
during refrigerated storage (OC) 
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Fig.4.25 Evaluation of TPC of buffalo meat fresh sausages 
(SHMP treated, with different levels of heart and 25% fat) 
during refrigerated storage (OC) 
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that there was consistent increase in the total plate count of fresh sausage 
samples during storage. The log TPC/g values increased beyond 6 after 28 
days. This particular count decided the shelf life of the sausages samples. The 
log TPC/g values exceeded 7 on 35 day of storage. This indicated the spoiled 
condition of fresh sausages. Ranken and Kill (1993) described the spoilage 
condition at 10^ per g of bacteria. The results are also in a agreement with 
Hytainen et al. (1966) who reported that incipient of spoilage of meat occurs 
when aerobic mesophiles count of meat samples increases log 10^/g. Similar 
results were also obtained by Essory et al., (1985), Barnes and Thromily 
(1966). Panda (1971) had also reported that when total viable count on meat 
tissue exceeds log lOVg, off odour and slimness starts. 
As reported earlier, meat is rich in nutrients and therefore it is center of 
all attraction for microorganism, especially for bacteria due to their desirable 
pH for growth. Bacteria even at 0°C are surviving though the rate of growth is 
slow. Increased microbial population after 35 days caused degradation of 
protein and fat in to simple compounds like fatty acids, amines, carbon dioxide, 
ammonia and sulphur dioxide. Therefore sausage developed off flavour after 
complete spoilage 
4.2.2.3 Sensory characteristics of fresh sausage (cooked in boiled water) 
(i) Controlled sausage with 15 % fat 
The results of sensory evaluation of fresh sausage (cooked in boiling 
water) with different levels of heart and fat have been presented in (Table-4.9-
4.14). Sensory characteristics were measured in terms of colour, aroma, 
texture, taste and juiciness on a nine point hedonic scale. Table-4.9 presents the 
results of sensory evaluations, of four different samples with 0, 10, 15 and 20 
% heart and each having 15 % fat. Panelist liked the product of fresh sausage. 
It was indicated by awarded score values of different attributes by them. In 
most of the cases score values were found in between '9 ' and '8 ' , which 
represented the condition between liked extremely and liked very much. The 
score values of aroma of above samples were found to be 8.5, 8.3, 8.4 and 8.2 
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respectively (Table 4.9). Score values of texture were found to be 8.2, 8.2, 7.9 
and 7.8 
respectively. The incorporation of heart did not decrease the acceptability of 
the product as indicated by the score values awarded for 5 attributes. Taste and 
juiciness of the product did not change the acceptability (score values awarded 
to taste and juicmess attributes for 4 samples with different levels of heart were 
8.3 8.2, 8.3 8.1 and 83, 8.3, 8.2, 8.0 respectively). It was found in general that 
the colour scores were lower as compared to score values of aroma, taste, 
texture and juiciness. Fig.4.26-4.29 show the sensory score profile of four 
samples (with 0, 10, 15 & 20% heart and each with 15% fat) during 
refrigerated storage,. The regression graphs of the normal figures have been 
depicted just below it. The equations of linear regression and R values have 
been shown in the regression graph. R^ values of different sensory attributes 
(colour, aroma, texture, taste and juiciness) of sample with 0% heart and 15% 
fat were found to be 0.9555, 0.9602, 0.9833, 0.9591 & 0.9822 (Fig.4.26). The 
values of R^ are very close to 1. This result shows that correlation is strong. 
The next linear regression graph (Fig.4.27) for sausage sample with 10 % heart 
and 15% fat, shows the profile of sensory scores of each attribute during 
refrigerated storage. The linear regression equation and R has been shown on 
the graph itself The graph almost matches with a straight line. Similar trend 
was also obtained for samples with 15% & 20% heart samples (Fig.4.28 & 
4.29). Study was conducted till the end of shelf life. The product was in edible 
and acceptable conditions on 28^ "^  day of refrigerated storage. The criteria for 
the shelf life were derived based on TBA number, sensory characteristics and 
TPC (as discussed in TBA number and total plate count sections), 
(ii) Controlled sausage with 20 % fat 
The results of sensory evaluation of buffalo meat controlled fresh sausage (cooked 
in boiled water and with 20% fat) have been presented in Table 4.10. The sample of 
fresh sausage of different levels of heart 0, 10 15 and 20 % heart and 20 % fat had 
colour score values of 7.8, 7.7, 7.9 and 7.3 respectively. 
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The score of aroma was considerably higher than the score vales of colour. 
Score values of aroma were 8.7, 8.6, 8.4 and 8.3 respectively. Texture, taste 
and juiciness are the main criteria of the acceptability of the product. The score 
values of the texture were 8.2, 8.3, 8.2 and 7.9 respectively for different levels 
of heart. The score values of taste were found to be 8.5, 8.3, 8.2 and 8.2 and the 
score values of juiciness were found to be 8.4, 8.4, 8.5 and 8.3 respectively. 
Fig.4.30-4.33 shows the profile of sensory attributes of the fresh sausage 
Table 4.9: Evaluation of sensory characteristics of buffalo meat controlled fresh 
sausage (cooked in boiled water and with 15% fat) during refrigerated storage 
Controlle( 
meat 
Sample 
code 
SbhOfl 
Sbhifl 
Sbh2fl 
SbhSfl 
d Sensory 
attributes 
Colour 
Aroma 
Texture 
Taste 
Juiciness 
Colour 
Aroma 
Texture 
Taste 
Juiciness 
Colour 
Aroma 
Texture 
Taste 
Juiciness 
Colour 
Aroma 
Texture 
Taste 
Juiciness 
Storage period, days/S( 
0 
7.4+0.25 
8.5+0.18 
8.2±0.24 
8.3+0.32 
8.3±0.28 
7.6±0.33 
8.3±0.24 
8.2±0.16 
8.2±0.17 
8.3+0.20 
7.8±0.20 
8.4+0.24 
7.9±0.21 
8.3±0.28 
8.2±0.25 
7.2±0.16 
8.2±0.17 
7.8±0.21 
8.1 ±0.20 
8.0±0.17 
7 
7.210.21 
8.1±0.16 
7.7±0.32 
7.8+0.28 
7.9+0.31 
7.1 ±0.27 
7.7±0,17 
7.5±0.13 
7.6±0,18 
7.8±0.25 
7.4±0.18 
7.7±0.21 
7.5±0.27 
7.5±0.18 
7.6±0.21 
6.9±0.19 
7.9±0.18 
7.2±0.14 
7.6±0.11 
7.9+0.12 
14 
6.7±0.15 
7.8±0.19 
7.1±0.41 
7.3±0.21 
7.2±0.23 
6.4±0.35 
6.9±0.28 
7.0+0.19 
7.3±0.23 
7.3±0.]7 
7.1±0.14 
6.8±0.10 
7.1±0.19 
7.1+0.25 
7.3±17 
5.8±0.24 
7.4±0.18 
6.8±0.29 
6.9±0.16 
7.1±0.24 
ensory score* 
21 
6.3±0.24 
7.2±0.26 
6.5±0.35 
6.9+0.18 
6.4±0.19 
5.9±0.21 
6.5±0.16 
6.4±0.26 
6.4±0.19 
6.1±0.]4 
6.9±0.24 
6.4±0.15 
6.3±0.21 
6.3±0.21 
6.5±0.12 
5.3±0.24 
6.8±0.31 
5.9±0.17 
5.8±0.25 
6.3±0.25 
28 
5.6±0.16 
6.4±0.31 
5.4±0.27 
5.8±0.23 
5.3±0.24 
5.2±0.18 
5.3±0.25 
5.3±0.14 
5.1 ±0.23 
5.6±0.27 
6.5±0.19 
5.7±0.31 
5.3±0.18 
5.3±0.16 
5.4±0.28 
4.7±0.17 
5.7±0.12 
4.8±0.20 
5.9±0.19 
5.5±0.13 
35 
4.7±0.14 
5.5±0.13 
4.7±0.18 
4.8±0.13 
4.5±0.30 
4.5±0.16 
4.6±0,31 
4.8+0.25 
4.7±0.32 
4.5±0.14 
5.6±0.28 
4.3±0.29 
4.6±0.17 
4.6±0.12 
4.3±0.14 
4.1 ±0.21 
4.3±0.12 
4.3±0.16 
4.7±0.28 
4.2±0.26 
* Values are means of six replicatestSD, Sb^^ Sausage sample (controlled and 
cooked) in boiling water, hO, hi, h2 and h3^0 % heart, 10% heartl, 5% heart and 20% heart 
fl^l5%fat 
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Fig.4.26 Evaluation of sensory characteristics of bufalo 
meat controlled fresh sausage (cooked, with 0% heart 
and 15% fat) during refrigerated storage (0 C) 
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Fig.4.27 Evaluation of sensory characteristics of buffalo meat 
controlled fresh sausages (cooked, with 10% heart and 15% fat) 
during refrigerated storage (OC) 
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Fig.4.28 Evaluation of sensory characteristics of buffalo meat controlled 
fresh sausages (cooked, with 15% herat and 15% fat) during reftgerated 
storage (OC) 
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Fig.4.29 Evaluation of sensory characteristics of buffalo meat 
controlled fresh sausages (cooked, with 20% heart and 15% fat) 
during refrigerated storage (OC) 
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samples during refrigerated storage. The linear regressions of these graphs have 
been shown just below it. The equation of regression line and correlation 
coefficient (R ) has been shown on the regression graph. R values for sensory 
attributes namely colour, aroma, texture, taste & juiciness of the sausage 
sample with 0% heart and 20% fat were found to be 0.9816, 0.9566, 0.9424, 
0.9463 & 0.9412 respectively. The graph almost matches with a straight line. 
Similarly the Fig.4.31, 4.32 and 4.33 show the linear regression graphs of 
sausage samples (controlled and with 10, 15 & 20% heart but with 20% fat). 
The equations of regression lines & R^  have been shown on the graph. Values 
of R^  were very close to 1 and hence the perfect liner relation was holding for 
consistent reduction in sensory score during refrigerated storage. The storage 
study under refrigerated storage was conducted and measurements of score for 
different attributes were taken after 7, 14, 21 and 28 days respectively, till the 
end of shelf life. In view of score values noted on 28"' day of storage all the 
samples were in acceptable and edible condition and there was no sign of 
deterioration. The increasing fat levels caused improvement in texture and 
taste. The various sensory properties were evaluated till the end of shelf life but 
the criteria of shelf life was mainly based on TBA number, TPC and sensory 
characteristics. 
(iii) Controlled sausage with 25 % fat 
The results of sensory evaluation of fresh sausage (cooked) with different 
levels of heart (0,10,15 & 20%) and 25% fat have been presented in (Table-
4.11). Sensory characteristics were measured in terms of colour, aroma, 
texture, juiciness and overall acceptability on 9-point hedonic scale. It was 
found in general that the score value of colour were lower as compared to score 
values of aroma, taste, texture and juiciness. Panelist liked the product of fresh 
sausage as was clear from the awarded score values of different attributes by 
them. The values of colour scores for four samples were respectively 7.7. 7.5, 
7.8 & 7.5. The score values of aroma, texture, taste and juiciness were found to 
be in between 9 and 8, which represented the condition between, like extremely 
and like very much. The incorporation of heart did not decrease the 
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acceptability of the product as indicated by the score values awarded for 5 
attributes. Fig. 4.34-4.37 shows the sensory scores of fresh samples (cooked 
and controlled) during refrigerated storage. The regression graph of each figure 
has been shown just below it. The equations of regression and correlation 
coefficient (R^) have been shown in the regression graph itself Negative values 
of X in the equation show that the score values were decreasing during storage 
period (days). R^ values (in sensory evaluation) for all four samples with 
different levels of heart (0,10,15 & 20%) and each with 25% fat, were found to 
very near to 1 and therefore a linear inverse relation is well defined between the 
Table 4.10: Evaluation of sensory characteristics of buffalo meat controlled fresh 
sausage (cooked in boiled water and with 20% fat) during refrigerated storage 
(0"C) 
Controlh 
meat/ 
Sample 
code 
SbhOfZ 
SbhlfZ 
Sbh2f2 
Sbh3f2 
;d Sensory 
attributes 
Colour 
Aroma 
Texture 
Taste 
Juiciness 
Colour 
Aroma 
Texture 
Taste 
Juiciness 
Colour 
Aroma 
Texture 
Taste 
Juiciness 
Colour 
Aroma 
Texture 
Taste 
Juiciness 
0 
7.810.28 
8.7+0.20 
8.310.24 
8.510.26 
8.410.17 
7.710.28 
8.610.24 
8.310.25 
8.210.26 
8.410.28 
7.910.20 
8.410.24 
8.210.25 
8.310.21 
8.510.23 
7.310.24 
8.310.25 
7.910.24 
8.210.20 
8.310.17 
Storage period, days/Sensory 
7 
7.410.20 
8.310.25 
7.910.21 
8.110.33 
8.010.23 
7.210.24 
8.210.25 
7.610.21 
7.810.19 
7.910.18 
7.510.24 
8.210.26 
7.910.28 
7.710.24 
7.910.26 
6.810.28 
8.110.23 
7.810.21 
7.910.27 
8.110.21 
14 
6.810.18 
7.910.16 
7.310.27 
7.910.29 
7.810.15 
6.710.23 
7.510.28 
7.410.13 
7.510.16 
7.510.25 
7.010.17 
7.910.18 
7.610.19 
7.210.27 
7.610.18 
5.910.17 
7.710.18 
7.110.16 
7.410.25 
7.710.20 
21 
6.410.25 
7.410.29 
6.810.16 
6.910.32 
7.110.27 
6.110.19 
6.410.17 
6.410.11 
6.710.24 
6.510.29 
6.710.14 
6.710.17 
6.910.17 
6.810.13 
7.210.24 
5.410.15 
6.910.13 
6.710.17 
6.310.19 
7.210.14 
score* 
28 
5.810.13 
6.810.11 
5.110.20 
5.910.18 
6.410.29 
5.510.17 
5.310.25 
5.310.13 
5.610.15 
5.810.12 
5.910.27 
5.710.10 
6.210.18 
6.110.19 
5.710.12 
4.610.21 
5.810.11 
5.910.28 
5.710.22 
6.510.27 
35 
4.910.16 
5.710.29 
4.910.15 
4.910.21 
5.310.13 
4.710.18 
4.910.22 
4.910.17 
5.110.12 
4.710.22 
4.710.24 
5.110.23 
5.710.11 
5.210.20 
5.210.22 
4.210.13 
4.910.13 
5.110.16 
5.110.26 
4.810.18 
* Values are means of six 
cooked) in boiling water, hO, 
20% heart and f2 — 20% fat 
replicateslSD, Sb —^Sausage sample (controlled and 
hi, h2 and h3 ^ 0 % heart, 10% heart 1, 5% heart and 
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Fig.4.30 Evaluation of sensory characteristics of cooked 
buffalo meat controlled fresh sausages (with 0% heart and 
20% fat) during refrigerated storage (OC) 
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Fig.4.31 Evaluation of sensory characteristics of cooked buffalo 
meat controlled fresh sausages (with 10% heart and 20% fat) 
during refrigerated storage (OC) 
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Fig.4.32 Evaluation of sensory characteristics of cooked buffalo 
meat controlled fresh sausages (with 15% herat and 20% fat) 
during refrigerated storage (0 C) 
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Fig.4.33 Evaluation of bufTalo meat fresh sausages (controlled, 
with 20% heart and 20% fat) during refrigerated storage (OC) 
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score values of different attributes and storage period (days). The storage study 
of fresh sausage was conducted during refrigerated storage consecutively after 
7, 14, 21, 28 and 35 days till the end of shelf life. The product was in edible 
and acceptable conditions on 28* day of refrigerated storage. The criteria for 
shelf life were derived from sensory characteristics and TPC. 
Table 4.11: Evaluation of sensory characteristics of buffalo meat controlled fresh 
sausage (cooked in boiled water and with 25% fat) during refrigerated storage 
(O'C) 
ControlU 
meat/ 
Sample 
code 
SbhOfi 
Sbhlf3 
Sbh2f3 
Sbh3f3 
;d Sensory 
attributes 
Colour 
Aroma 
Texture 
Taste 
Juiciness 
Colour 
Aroma 
Texture 
Taste 
Juiciness 
Colour 
Aroma 
Texture 
Taste 
Juiciness 
Colour 
Aroma 
Texture 
Taste 
Juiciness 
* Values are means of six 
water),hO, hi, h2 andh3 
0 
7.7±0.28 
8.8+0.27 
8.710.22 
8.5±0.29 
8.4±0.28 
7.510.17 
8.510.20 
8.610.21 
8.5+0.22 
8.510.25 
7.810.25 
8.510.24 
8.410.24 
8.410.28 
8.610.29 
7.510.28 
8.510.37 
8.310.17 
8.310.24 
8.510.17 
Storage period, days/Sensory 
7 
7.310.12 
8.510.25 
7.8+0.27 
7.910.19 
8.110.21 
7.110.25 
8.310.24 
8.210.23 
8.1+0.18 
8.1+0.17 
7.710.27 
8.310.23 
8.110.21 
8.110.25 
8.110.20 
7.1+0.25 
8.210.29 
7.9+0.23 
7.9+0.19 
8.1+0.21 
14 
6.710.18 
8.110.20 
7.410.17 
7.810.23 
7.910.27 
6.610.28 
7.710.19 
7.710.25 
7.410.18 
7.810.27 
7.210.28 
8.010.26 
7.810.23 
7.510.18 
7.810.15 
6.710.22 
7.910.18 
7.210.13 
7.610.24 
7.910.27 
21 
6.510.24 
7.810.26 
7.1+0.21 
7.110.18 
7.510.19 
5.910.19 
7.210.26 
7.110.12 
7.1+0.24 
7.210.10 
6.810.17 
7.410.16 
7.410.19 
7.010.16 
7.110.23 
5.810.16 
7.510.23 
6.710.19 
7.110.32 
7.210.18 
score* 
28 
5.710.11 
7.4+0.18 
6.3+0.16 
6.410.15 
6.4+0.17 
5.310.20 
6.810.18 
6.810.18 
6.5+0.13 
6.510.12 
6.210.21 
6.910.29 
7.010.14 
6.5+0.25 
6.7+0.27 
5.110.29 
6.610.17 
6.1+0.21 
6.510.21 
6.710.22 
35 
4.810.17 
6.310.23 
5.2+0.19 
5.910.19 
5.910.26 
4.610.21 
5.710.25 
6.110.21 
5.710.20 
5.910.11 
5.110.17 
5.310.21 
6.310.15 
6.110.13 
5.810.18 
4.710.28 
5.910.16 
5.810.21 
5.410.13 
5.210.11 
repIicates±SD, Sb —» Sausage sample (controlled and cooked in boiling 
-^ •0 % heart, 10% heartl, 15% heart and 20% heart and O -^ 25% fat 
!l7 
Fig.4.34 Evaluation of sensory characteristics of bufTalo meat 
fresh sausages (controlled, with 0% heart and 25% fat) during 
refrigerated storage (OC) 
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Fig.4.35 Evaluation of sensory characteristics of buffalo meat 
fresh sausages (controlled, with 10% heart and 25Vo fat) during 
refrigerate dstorage (OC) 
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Fig.4.36 Evaluation of sensory characteristics of buffalo meat 
fresh sausages (controlled, with 15% heart and 25% fat) during 
refrigerated storage (OC) 
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Fig.4.37 Evaluation of sensory characteristics of buffalo meat 
fresh sausage (controlled, with 20% heart and 25% fat) during 
refrigerated storage (OC) 
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(iv) Treated sausage with 15 % fat 
The results of sensory characteristics of buffalo meat sausage of SHMP treated 
meat mix of different levels of heart (0, 10, 15 and 20 %) have been presented 
in Table 4.12. SHMP treatment improved the texture and juiciness of the fresh 
sausage. The score values of the texture of four samples with 15% fat were 
found to be 8.3, 8.2, 8.1 and 8.1 respectively. The juiciness score values were 
8.5, 8.4, 8.3 and 8.3 respectively. The score values of texture and juiciness of 
treated samples of fresh sausage were higher as compared to their controlled 
counter part. The score values of the color were lower than the score values of 
other attributes like aroma, texture, taste and juiciness (Table 4.12). Fig. 4.38-
4.41 show the profiles of sensory attributes of the four samples fresh sausage 
(SHMP treated, with four levels of heart each and with 15% fat) during 
refrigerated storage. The linear regressions of these graphs have been shown 
just below it. The equations of regression line and correlation coefficient (R ) 
have been shown on the regression graphs. Graphs almost matched with a 
straight line. Values of R^  were very close to 1 and hence the perfect linear 
relation was holding good for consistent reduction in sensory score during 
refrigerated storage. The storage study under refrigerated storage was 
conducted and measurements of score for different attributes were taken after 
7, 14, 21 and 28 days respectively, till the end of shelf life. With regards to 
score values noted on 28* days storage all the samples were in acceptable and 
edible condition and there was no sign of deterioration. It was confirmed by the 
study of TBA number and TPC. 
(v) Treated sausage with 20 % fat 
The results of the sensory characteristics of buffalo meat sausage of 
SHMP treated mix (cooked in boiled water and with 20% fat) have been 
presented in Table 4.13. SHMP played important role in improving the texture 
and the juiciness of the product. The score values of colour of four samples of 
fresh sausage (with 0, 10, 15 and 20% heart and each with 20% fat) were 7.1, 
7.2, 7.0 and 7.1 respectively. Sensory score values of aroma of four sausage 
samples were found to be 8.3, 8.2, 8.4, & 8.3 respectively. Comparatively 
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score values of aroma texture taste and juiciness were higher as compared to 
the score values of color. The score values of the texture and juiciness were 
8.7, 8.6, 8.4, 8.1 & 8.9, 8.5, 8.4 and 8.3 respectively (Table 4.13). Fig. 4.42-
4.45 shows the sensory score profiles of these fresh sausage samples (SHMP 
treated and each with 20% fat) during refrigerated storage. Linear regression 
graphs of the figures have been shown just below it. The equations of linear 
regression and correlation coefficient (R) have been shown in the regression 
graph. For each attribute, a separate curve has been indicated in the set of five 
Table 4.12: Evaluation of sensory characteristics of buffalo meat SHMP treated 
fresh sausage (cooked and with 15%fat) during refrigerated storage (0°C) 
Treated 
meat/ 
Sample 
code 
SbthOfl 
Sbthlfl 
Sbth2fl 
SbthBfl 
Sensory 
attributes 
Colour 
Aroma 
Texture 
Taste 
Juiciness 
Colour 
Aroma 
Texture 
Taste 
Juiciness 
Colour 
Aroma 
Texture 
Taste 
Juiciness 
Colour 
Aroma 
Texture 
Taste 
Juiciness 
0 
7.1+0.29 
8.2±0.16 
8.310.17 
8.510.24 
8.510.20 
7.110.25 
8.110.20 
8.210.16 
8.310.25 
8.410.17 
7.010.21 
8.310.20 
8.110.20 
8.210.16 
8.310.21 
7.110.37 
8.010.28 
8.110.24 
8.410.25 
8.310.37 
Storage period, days/Sensor> 
7 
6.810.22 
7.910.14 
8.110.24 
7.810.21 
8.110.27 
6.810.21 
7.810.29 
7.810.18 
7.710.17 
8.210.19 
6.710.24 
7.910.23 
7.910.24 
7.610.13 
8.110.25 
6.710.28 
7.710.24 
7.810.26 
8.110.27 
8.010.26 
14 
6.510.18 
7.710.27 
7.610.19 
7.210.28 
7.710.19 
6.610.18 
7.610.16 
7.810.25 
7.310.21 
7.810.21 
6.510.18 
7.410.28 
7.710.17 
7.110.17 
7.710.18 
6.410.31 
7.510.23 
7.710.13 
7.810.17 
7.710.15 
21 
5.810.24 
6.810.16 
6.910.31 
6.810.16 
7.110.16 
6.110.27 
6.910.11 
7.210.21 
6.910.23 
7.010.31 
6.510.11 
6.810.19 
7.110.22 
6.810.14 
6.910.25 
6.010.18 
6.810.16 
7.110.23 
6.910.25 
6.810.24 
'score* 
28 
5.410.25 
5.810.32 
5.810.25 
6.210.18 
6.210.14 
5.710.31 
5.710.18 
5.910.27 
6.110.17 
6.310.19 
6.110.15 
5.610.17 
5.810.19 
5.910.21 
6.210.27 
5.810.18 
5.610.13 
5.910.27 
6.110.11 
6.210.19 
35 
4.810.24 
5.310.18 
4.910.15 
5.710.22 
5.710.16 
5.210.16 
5.110.25 
5.310.11 
5.610.11 
5.610.18 
5.710.32 
5.210.13 
5.310.24 
5.410.27 
5.710.11 
5.310.22 
5.010.25 
5.410.27 
5.610.18 
5.510.22 
* Values are means of six replicates+SD, Sbt —) 
hO, hi, h2 and h3 ->0 % heart, 10% heart 1, 5% 
• Sausage sample (treated and 
heart and 20% heart and fl -
cooked in boiling water) 
^15% fat 
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Fig.4.38 Evaluation of sensory characteristics of buffalo meat 
cooked fresh sausages (SHMP treated, with 0% heart and 15% 
fat) during refrigerated storage (OC) 
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Fig.4.39 Evaluation of sensory characteristics of buffalo meat 
cook^resh sausages (SHMP treated, with 10% heart and 15% 
fat) during refrigerated storage (OC) 
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Fig.4.40 Evaluation of sensory characteristics of buffalo meat 
fresh sausages (SHMP treated, with 15% heart and 15% fat) 
during refrigerated storage 
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Fig.4.41 Evaluation of sensory characteristics of buffalo meat 
fresh sausages (SHMP treated, with 20% heart and 15% fat) 
during refrigerated storage (OC) 
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Table 4.13: Evaluation of sensory characteristics of buffalo meat fresh sausage 
(SHMP treated, cooked in boiling water and with 20%fat) during of refrigerated 
storage (O^ C) 
Treated 
meat/ 
Sample 
code 
Sbth0f2 
Sbthlf2 
Sbth2f2 
Sbth3f2 
Sensory 
attributes 
Colour 
Aroma 
Texture 
Taste 
Juiciness 
Colour 
Aroma 
Texture 
Taste 
Juiciness 
Colour 
Aroma 
Texture 
Taste 
Juiciness 
Colour 
Aroma 
Texture 
Taste 
Juiciness 
0 
7.1±0.20 
8.310.28 
8.7±0.25 
8.810.17 
8.910.31 
7.210.16 
8.210.29 
8.610.17 
8.310.20 
8.510.28 
7.010.25 
8.410.25 
8.710.16 
8.210.20 
8.410.20 
7.110.25 
8.310.20 
8.110.29 
8.610.25 
8.310.27 
Storage period, days/Sensory 
7 
6.910.17 
8.110.24 
8.210.18 
7.910.28 
7.910.13 
7.010.27 
7.910.13 
8.310.27 
8.110.23 
8.110.22 
7.210.26 
8.110.18 
8.210.21 
7.710.12 
8.010.28 
6.710.21 
7.910.14 
7.810.23 
8.210.11 
8.110.11 
14 
6.710.15 
7.810.18 
7.710.22 
7.410.25 
7.410.25 
6.810.23 
7.710.21 
7.810.23 
7.810.21 
7.910.18 
6.910.12 
7.610.14 
7.910.14 
7.310.18 
7.810.15 
6.510.12 
7.510.24 
7.410.17 
7.810.20 
7.710.21 
21 
5.810.24 
6.910.31 
7.110.31 
6.910.20 
6.910.21 
5.710.23 
6.810.17 
7.210.18 
7.210.12 
7.210.17 
6.410.13 
6.910.18 
7.110.32 
6.810.20 
7.310.24 
6.310.27 
6.810.27 
6.710.27 
7.210.26 
7.110.16 
score* 
28 
5.410.10 
6.210.22 
6.710.16 
6.410.18 
6.410.17 
5.310.15 
6.310.19 
6.510.20 
6.510.21 
6.610.24 
6.210.11 
6.210.27 
6.710.18 
6.410.20 
6.510.18 
6.010.24 
6.310.19 
6.310.13 
6.710.18 
6.810.19 
35 
5.410.11 
5.710.17 
5.910.11 
5.810.13 
5.810.20 
5.010.13 
5.610.24 
5.810.15 
5.810.19 
5.810.13 
5.810.27 
5.710.14 
5.910.23 
5.610.25 
5.910.22 
5.710.26 
5.810.29 
5.710.22 
5.810.23 
5.710.24 
* Values are means of six replicateslSD, Sbt ^Sausage sample (treated and cooked 
in boiling water) 
hO, hi, h2 and h3 ^ 0 % heart, 10% heart 1, 5% heart and 20% heart and f2 -* 20% 
fat 
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Fig.4.42 Evaluation of sensory characteristics of buffalo meat 
fresh sausages (SHMP treated, 0% heart and 20%fat) during 
refrigerated storage (OC) 
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Fig.4.43 Evaluation of sensory characteristics of buffalo 
meat fresh sausage (SHMP treated, with 10% heart and 
20% fat) during refrigerated storge (OC) 
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Fig.4.44 Evaluation of sensory characteristics of buffalo meat 
fresh sausages (SHMP treated, with 15% heart and 20% fat) 
during refrigerated storage (OC) 
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Fig.4.45 Evaluation of sensory characteristics of buffalo meat fresh 
susages (SHMP treated, with 20yo heart and 20% fat) during 
refrigerated storsge (OC) 
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attributes including colour, aroma, texture, taste and juiciness. The R values 
for all four samples of sausages were very close to 1. The sensory profile of 
sausage samples during refrigerated may be represented by a straight line. 
It was noted that levels of heart in fresh sausage formulation did not cause 
much decrease in quality as measured by score values like aroma, taste texture 
and juiciness. The storage study was conducted under refrigerated at 0° C for 
the measurement of the properties during 0, 7, 14, 21 and 28 days and the study 
was conducted till the end of shelf life. The score value of four samples of 
treated lot had higher score values of texture and juiciness at the end of shelf 
life as compared to their control counter part. SHMP improved WBC, meat 
emulsion stability and the texture (Hamm 1970, Torrell 1983). 
(vi) Treated sausage with 25 % fat 
The results of the sensory characteristics of buffalo meat sausage of 
SHMP treated mix (cooked in boiled water) have been presented in Table-4.14. 
SHMP treatment played important role in improving the texture and the 
juiciness of the product. The score values of colour of four samples of fresh 
sausage (with 0, 10, 15 and 20% heart and each with 25% fat) were 7.2, 7.3, 
7.1 and 7.2 respectively. Sensory score values of aroma of four sausage 
samples were found to be 8.4, 8.1, 8.2, & 8.3 respectively. Comparative score 
values of aroma, texture, taste and juiciness were higher as compared to the 
score values of color. The score values of the texture and juiciness were 8.8, 
8.6, 8.6, 8.7 «& 8.7, 8.5, 8.5 and 8.5 respectively (Table 4.14). Fig.4.46-4.49 
show the sensory score profiles of fresh sausage samples (SHMP treated and 
each with 25% fat) during refrigerated storage. Linear regression graphs of the 
same figures have been shown just below it. The equations of linear regression 
and correlation coefficient (R )^ have been shown in the regression graph. For 
each attribute, a separate curve has been indicated in the set of five attributes 
including colour, aroma, texture, taste and juiciness. The R^  values for all four 
samples of sausages were very close to 1. The sensory profile of sausage 
samples during refrigerated may be represented by a straight line. 
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It was noted that levels of heart in fresh sausage formulation did not cause 
any decrease in quality attributes (as measured by score values) like aroma, 
taste texture and juiciness. The storage study was conducted under refrigerated 
storage at 0° C for the measurement of the properties during 0, 7, 14, 21 and 
28 days and the study was conducted till the end of shelf life. The score value 
of four samples of treated lot had higher score values at the end of shelf life as 
compared to their control counter part. SHMP improved WBC, meat emulsion 
stability and the texture (Hamm 1970, Terrell, 1983). 
Table 4.14: Evaluation of sensory characteristics of buffalo meat fresh sausage 
(SHMP treated, cooked in boiled water and with 25% fat) during refrigerated 
storage (0°C) 
Treated 
meat/ 
Sample 
code 
SbthOfi 
Sbthlf3 
Sbth2f3 
Sbth3f3 
Sensory 
attributes 
Colour 
Aroma 
Texture 
Taste 
Juiciness 
Colour 
Aroma 
Texture 
Taste 
Juiciness 
Colour 
Aroma 
Texture 
Taste 
Juiciness 
Colour 
Aroma 
Texture 
Taste 
Juiciness 
0 
7.2±0.16 
8.4±0.21 
8.8±0.24 
8.5±0.20 
8.710.25 
7.310.17 
8.110.21 
8.610.20 
8.310.22 
8.510.25 
7.110.25 
8.210.24 
8.610.24 
8.410.28 
8.510.29 
7.210.28 
8.310.27 
8.710.17 
8.410.24 
8.510.17 
Storage period, days/Sensory score 
7 
6.910.12 
8.210.25 
8.410.27 
8.210.19 
8.410.21 
7.010.25 
7.810.24 
8.210.23 
7.910.18 
8.210.27 
6.810.27 
7.910.23 
8.110.21 
7.810.25 
8.210.20 
7.110.25 
8.110.29 
8.310.23 
8.110.19 
8.110.21 
14 
6.810.19 
7.910.17 
8.110.10 
7.810.26 
8.110.09 
6.910.18 
7.610.17 
7.910.19 
7.610.20 
7.810.18 
6.810.21 
7.710.19 
7.810.31 
7.510.17 
7.910.21 
6.810.17 
7.810.31 
8.010.18 
73.710.0 
7.910.27 
21 
5.910.21 
7.310.22 
7.710.19 
7.110.11 
7.710.31 
5.810.22 
7.310.19 
7.110.21 
7.110.16 
7.310.13 
5.710.17 
7.210.21 
7.210.22 
7.010.23 
7.110.19 
5.910.22 
7.110.27 
7.610.17 
7.010.25 
7.610.18 
28 
5.710.11 
6.710.31 
6.810.20 
6.710.18 
7.110.10 
5.410.11 
6.710.21 
6.710.17 
6.810.13 
6.710.17 
5.510.14 
6.810.11 
6.810.27 
6.710.26 
6.510.20 
5.610.27 
6.810.18 
6.710.24 
6.810.19 
6.710.14 
35 
5.410.18 
6.410.24 
6.210.27 
6.310.27 
6.710.22 
5.110.23 
5.710.25 
5.910.24 
5.810.20 
5.710.23 
5.010.15 
5.610.19 
5.710.17 
5.910.17 
5.610.18 
5.210.24 
6.310.20 
6.010.23 
6.310.11 
6.110.17 
* Values are means of six replicateslSD, Sbt—> Sausage sample (treated and cooked in boiling water), 
hO, hi, h2 and h3 —0 %, 10%, 5% and 20% heart respectively and D-*25% fat 
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Fig.4.46 Evaluation of sensory characteristics of buffalo 
meat fresh sausages (SHMP treated, 0% heart and 25%fat) 
during refrigerated storage (OC) 
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Fig.4.47 Evaluation of sensory characteristics of buffalo meat 
fresh sausages (SHMP treated, with 10% heart and 
25%fat)during refrigerated storage (OC) 
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Fig.4.48 Evaluation of sensory characteristics of buffalo meat fresh 
sausages (SHMP treated, with 15% heart and 25% fat) during 
refrigerated storage (OC) 
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Fig.4.49 Evaluation of sensory characteristics of buffalo meat 
fresh sausages (SHMP treated, 20% heart and 25%fat) during 
refrigerated storage (OC) 
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4.2.2.4 Effect of refrigerated storage on textural characteristics 
(i) Fresh sausage (in raw condition) 
Table-4.15 represents the results of texture analysis of buffalo meat fresh 
sausage (BMFS) (controlled, and in raw condition) with different levels of 
heart (0, 10, 15 & 20%) and fat (15, 20 and 25%). Refrigerated storage 
preservation at 0°C, caused decrease in moisture content and therefore resulted 
in hardening of the sausage samples. The positive peak forces of the above four 
samples were found to be 5921.3g 5900.4g, 5200.6g & 4260.8g respectively 
(Table-4.15). 
The values of PPF of sausages samples were higher than their fresh counterpart 
(Table-4.4 and 4.15). Next four samples with different levels of heart and 20% 
fat were found to have values of PPF as 4160.5g, 4243.7g, 4050.3g & 3850.4g 
respectively. Similarly the last four samples of controlled BMFS, were found to 
have as PPF 3250.2g, 3115.4, 3005.2g & 2940.3g respectively. 
Refrigerated storage for 28 days caused increase of hardness and decrease of 
tenderness of the sausage samples. 
Table-4.15 shows the results of texture measurements of buffalo meat fresh 
sausages (BMFS) (treated in raw condition & after 28 days refrigerated 
storage) with different levels of ^heart (0, 10, 15 & 20%) and fat (15, 20 and 
25%). The positive peak forces indicating hardness, for these four samples 
were found to be 8,200.4g, 7150.8g, 6165.3g & 6005.2g respectively. (Table-
4.15). PPF were in decreasing order which shows that the increasing levels of 
heart, caused increase in tenderness. However the individual values were much 
higher than their fresh counterpart samples. The refrigerated storage caused the 
loss of moisture and therefore samples developed hardness. The effect of 
SHMP treatment was also noted even after 28 days refrigerated storage such 
that the samples have greater PPF as compared to their controlled counter part 
(Table 4.15). The next four samples of BMFS with 20% fat and different levels 
of heart had values of PPF 6005.8, 5000.7g, 4800.1g, & 4791.0g respectively. 
The results showed that the effect of increasing levels of fat caused decrease in 
hardness/increase in tenderness. The last four samples of the lot with 25% fat 
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were found to have values of PPF as 4420.5g 3750.8g, 34150.2g & 3290.9g 
respectively. A further decrease in the values of PPF indicated the 
improvement in tenderness of sausage samples with increasing levels of fat. 
Table 4.15 Texture analysis for measurement of hardness of fresh sausages 
both in raw and cooked condition (after 28days refrigerated storage) 
Controlled/Sample Position peak force Controlled/Sample Position peak force 
code (measuring hardness code (measuring hardness of 
of raw sausage), g cooked sausage), g 
Shofi 
Sh, f, 
Sh2f, 
Sh3f, 
Shof2 
Sh, f2 
Sh2f2 
Sh3f2 
Shof3 
Sh,f3 
Sh2f3 
Sh3f3 
Treated 
St ho f, 
Sth, f, 
St h2 f, 
Sthjf, 
St ho f2 
St h, f2 
St h2 f2 
St h3 f2 
St ho f3 
St h, f. 
St h2 f3 
St h3 f3 
5921.3±15.14 
5900.4110.45 
5200.6116.89 
4260.8111.87 
4160.5112.89 
4143.7113.33 
4050.3110.58 
3850.4114.44 
3250.2115.78 
3115.4112.56 
3005.2114.57 
2940.3113.49 
8200.4121.67 
7150.8122.65 
6165.3118.89 
6165.2123.34 
6005.8121.45 
5000.7118.56 
4800.1116.78 
4791.0118.79 
4420.5117.47 
3750.8118.03 
3350.2122.57 
3290.9120.89 
Sbho fi 
Sbh, f, 
Sbh2 fi 
Sbhj f, 
Sbho fi 
Sbhi f2 
Sbh2 f2 
Sbh3 fz 
Sbho f3 
Sbh, f3 
Sbh2 f3 
Sbhj f3 
Treated 
Sbthof, 
Sbth,f, 
Sbth2f, 
Sbth3fi 
Sbthof2 
Sbth,f2 
Sbth2f2 
Sbth3f2 
Sbthof3 
Sbth,f3 
Sbth2f3 
Sbth3f3 
2590.4115.35 
2425.5113.78 
2350.719.98 
2330.91.8.65 
2000.3111.52 
1880.518.45 
1875.71.7.88 
1805.1114.6 
1570.218.77 
1475.019.23 
1445.9111.45 
1420.7111.78 
2925.318.91 
2910.717.45 
2700.417.23 
2680.6111.76 
2225.3112.66 
2140.8+7.55 
2080.618.73 
2005.4112.56 
1785.2110.81 
1775.319.23 
17355113.87 
1620.1+8.15 
* Values are means of six replicateslSD, S-> Controlled raw sausage, St-+ Treated raw 
sausage, Sb and Sbt —>Cooked sausage samples, controlled and treated respectively, hO, hi, 
h2 and h3 ^  0 % heart, 10% heart, 15% heart and 20% heart respectively and fl, f2 and f3 
-+15, 20 and 25% fat respectively 
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(ii) Fresh sausage (in cooked condition) 
Table-4.15 also represents the result of texture measurement of BMFS 
(cooked and after 28 days refrigerated storages) with different levels of heart 
and fat. 
The combined and individual effects of refrigerated storage (0°C), cooking, 
different levels of heart and fat on texture have been discussed. All four 
samples had values of PPF 2590.4g, 2425.5g, 2350.7g and 2330.9g 
respectively (Table 4.15). The values of PPF are in decreasing order, which 
showed that effect of increasing levels of heart increased tenderness. The PPF 
of four samples were far lower than their raw sausage counterpart. The results 
showed that refrigerated storage decreased hardness and increased tenderness 
of cooked sausages. Cooking of raw sausage in fresh condition had caused 
compactness and therefore cooked sausages had greater values of PPF as 
compared to their raw counterpart in fresh conditions. The opposite effect of 
refrigerated storage on cooked sausage was noted as compared to raw sausage. 
During 28 days of refrigerated storage, the tenderness increased in cooked 
sausage while tenderness decreased /hardness increased in raw sausage. The 
next four samples of BMFS (cooked) with 20% fat and different levels of heart 
had values of PPF as 2000.3g, 1880.5g, 1875.7g & 1805.1g respectively (Table 
4.15). The values of PPFs were lower as compared to above four samples with 
15% fat. Thus increasing the levels of fat caused decrease in hardness/increase 
in tenderness. 
Table-4.15 also represents the results of texture analysis of BMFS 
(SHMP treated, cooked and after 28 days refrigerated storage) with 0, 10, 15 
and 20% heart and three levels (15, 20 and 25%) of fat. The combined and 
individual effects of refrigerated storage (0°C), treatment, cooking, different 
levels of heart and fat is being discussed here. All four samples had value of 
PPF as 2925.3g, 2910.7g, 2700.4g and 2680.6 respectively (Table 4.15). The 
values of PPF were in decreasing order, showing the effect of increasing levels 
of heart, which resulted in improvement in tenderness. The values of PPF of 
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four samples were much lower than their raw sausage counterpart. The results 
showed that refrigerated storage decreased hardness and increased tenderness. 
Cooking of raw sausage in fresh condition caused compactness and therefore 
the cooked sausages had greater values of PPF as compared to their raw 
counterpart in fresh condition (Table 4.15). The treatment of SHMP also 
caused further increase in compactness / hardness over controlled counterpart. 
It is clear from the increase of PPF of treated BMFS as compared to controlled 
BMFS. The opposite effect of refrigerated storage was observed on cooked 
sausage as compared to raw sausage. During 28 days of refrigerated storage, 
the tenderness decreased / hardness increased in raw sausage while in cooked 
sausage, tenderness increased / hardness decreased. 
The last four samples of BMFS treated and cooked with 20% fat and different 
levels of heart had values of PPF as 2225.3g, 2140.8g, 2080.6g and 2005.4g 
respectively (Table-4.15). The values of PPF were lower as compared to PPF 
of above four samples with 15% fat discussed. Thus increasing level of fat, 
decreased hardness / increased tenderness after 28 days refrigerated storage.). 
There was further decrease in values of PPF and hardness of sausage samples 
by increasing the level of fat up to 25%. 
4.3 Fermented sausage 
4.3.1 Development of semi-dry fermented sausage and effects of 
incorporation of heart and different levels of fat on different quality 
characteristics 
The semi dry fermented sausages were developed from buffalo meat 
using different levels of heart and fat. The fermentation was carried out using 
mixed cultures of Lactobacillus brevis and Lactobacillus plantarum. 
Fermentation lowered the pH and drying reduced the moisture content of 
fermented sausage. Low pH and reduced moisture content became the 
important hurdle factors for microbial growth. The effect of different levels of 
heart including control (with 0 % heart) and different levels of fat was studied 
on physico-chemical characteristics like pH, moisture content and TBA 
number, microbiological characteristics namely total plate count, yeast and 
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mold count, sensory and textural characteristics of the product in fresh codition 
and during refrigerated storage (4° C). 
4.3.1.1 Physico-chemical characteristics of fermented sausages 
(i)pH 
pH of semi dry fermented sausage was brought down after fermentation, 
smoking and drying. pH values of six samples (controlled) were found between 
5.15 and 5.28 just after product preparation (Table-4.16). reduction in pH was 
due to fomation of lactic acid by mixed culture of bacteria using carbohydrate 
(dextrose+sucrose) added in the formulation. Different levels of fat 
significantly (p<0.05) increased the pH of sausage sample. However different 
levels of heart incorporation did not significantly affect pH. During refrigerated 
(4°C), pH values were found to decrease consistently and pH measurement was 
carried out every after 15* day, till the end of shelf life. Refrigerated storage 
significantly (p<0.05) reduced the pH of fermented sausage. On 75* day of 
storage pH values were found to be in between 4.71 and 4.90. The samples 
were found to be in spoiled conditions. The shelf life was found to be 60 days 
(exact criteria of shelf life was decided by the total plate count, yeast and mold 
count and TBA number). Six samples of sodium ascorbate treated batch had 
pH values between 5.18 and 5.27 after preparation of samples. Different levels 
of fat significantly (p<0.05) increase the pH of sausage sample. Different levels 
of heart incorporation did not significantly affect pH. During refrigerated 
storage (4°C) pH values were found to decrease slowly. Refrigerated storage 
significantly (p<0.05) decreased the pH of sausage samples. The pH values of 
treated lot were found to be in between 4.78 and 5.15 at the end of shelf life on 
75* day. The samples were in edible condition till 60 days but were found to be 
in spoiled condition on 75* day. The criteria of shelf life and finally spoilage 
condition were defined on the basis of microbiological characteristics, 
thiobarbituric acid number and sensory characteristics. 
143 
Results and discussion 
Table-4.16 Evaluation of pH of semi dried fermented sausages during 
refrigerated storage at 4*'C 
Sample 
code/ 
controlled 0 15 
No of days 
30 45 60 75 
Fhofi 5.15±0.035ab 4.92±0.040 4.82±0.055 4.81±0.050 4.72±0.045 4.71±0.060cd 
Fhifi 5.17±0.065ab 4.98±0.055 4.88±0.046 4.85±0.031 4.76±0.065 4.79±0.063cd 
Fh2fi 5.18±0.055ab 5.01±0.070 4.91±0.066 4.89±0.041 4.81±0.075 4.82±0.080cd 
Fhof2 5.21±0.090ac 5.14±0.080 4.98±0.075 4.83±0.070 4.86±0.075 4.87±0.080de 
Fhif2 5.25±0.040ac 5.18±0.070 5.05±0.080 4.86±0.071 4.93±0.070 4.91±0.072de 
Fh2f2 5.28±0.050ac 5.22±0.075 5.11±0.035 4.91±0.075 4.89±0.065 4.90±0.055de 
Sample code/ treated 
Fthofi 5.18±0.055ab 5.07±0.056 4.88±0.056 4.82±0.065 4.80±0.066 4.78±0.065cd 
Fthifi 5.20±0.075ab 5.11±0.065 4.89±0.060 4.85±0.082 4.82±0.065 4.85±0.070cd 
F M 5.21±0.070ab 5.18±0.G66 4.89±0.G63 4.87±0.065 4.86±0.085 4.81±0.080cd 
Fthofz 5.22±0.055ac 5.20±0.075 4.92±0.067 4.84±0.066 4.92±0.055 4.96±0.086de 
Fthif2 5.24±0.065ac 5.21±0.061 4.95±0.061 4.88±0.077 4.94±G.062 4.96±0.055de 
Fth2f2 5.27±0.066ac 5.23±0.065 4.98±0.070 4.95±0.0S5 4.97±0.011 4.93±0.065de 
Values are means of six replicates ±SD; Means with different letters in a column/columns 
differ significantly (P<0.05) 
F-> Fermented Sausages (Controlled) 
F, -> Fermented Sausages (Treated) 
ho,hi and h2->0, 15, and 20% heart level 
f, and f2->20 and 25% fat level 
(ii) Moisture content 
Moisture content of semi dry fermented sausages is an important 
property, which relates the quahty and shelf Hfe of the products. The low 
moisture content of fermented sausages and reduced pH are the main causes of 
its extended shelf life. The moisture content of twelve samples of fermented 
sausage samples (six controlled and six treated) has been presented in Table-
4.17. Moisture contents of these samples were found to be in between 42.6 and 
47.4 percent (on wet basis) In fresh condition. Increasing levels of fat 
significantly (p<0.05) decreased moisture contents of sausages samples while 
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Table-4.17 Evaluation of Moisture content values of semi dry fermented 
Sample code/Noof days 
controlled 0 15 30 45 60 75 
Fhofi 45.8±0.65ab 44.3±0.66 43.6±0.66 45.7±0.66 40.2±0.81 38.9±0.65cd 
Fhif, 46.3±0.75ab 44.8±0.74 43.9±0.68 42.3±0.65 41.1±0.69 39.7±0.71cd 
Fh2fi 46.7±0.80ab 45.3±0.65 44.6±0.50 43.4±0.57 42.5±0.70 40.8±0.51cd 
Fhofz 41.7±0.60ac 39.8±0.72 38.5±0.55 37.6±0.75 36.8±0.65 35.5±0.50de 
Fhifz 42.4±0.75ac 40.2±0.65 39.7±0.60 38.6±0.60 37.7±0.70 36.7±0.60de 
Fh2f2 42.8±0.65ac 40.8±0.55 39.9±0.80 39.3±0.80 38.4±0.75 37.4±0.65de 
Sample code 
/treated 
Fthofi 46.5±0.57ab 45.7±0.75 44.5±0.65 43.7±0.69 42.3±0.75 40.9±0.72cd 
Fthif, 46.8±0.66ab 46.2±0.60 45.1±0.67 44.9±0.65 43.8±0.55 41.3±0.66cd 
Fth2fi 47.4±0.60ab 46.7±0.55 45.8±0.55 45.1±0.68 44.5±0.72 41.7±0.55cd 
Fthof2 42.6±0.55ac 41.8±0.56 40.9±0.56 40.3±0.78 39.7±0.60 39.8±0.67de 
Fthifz 43.3±0.75ac 42.6±0.67 41.5±0.60 40.7±0.44 39.8±0.55 38.4±0.60de 
Fth2f2 43.5±0.61ac 42.8±0.56 42.4±0.56 41.7±0.70 40.5±0.92 38.9±0.60de 
sausages during refrigerated storage at 4 C 
Values are means of six replicates ±SD; Means with different letters in a column/columns 
differ significantly (P<0.05) 
F~> Fermented Sausages (Controlled) 
F, -> Fermented Sausages (Treated) 
ho, hi and h2->0, 15, and 20% heart level 
f, and f2^20 and 25% fat level 
increasing levels of heart incorporation did not significantly (p<0.05) affect 
moisture contents. During refrigerated storage, moisture contents of these 
samples decreased consistently and it was found that refrigerated storage 
significantly (p<0.05) decreased moisture contents of all samples. The moisture 
contents of these samples were found in the range of 38.4-44.55% on 60^ day 
of storage. As discussed earlier in case of pH, the spoilage conditions were 
detected on 75"" day of storage. 
(iii) TBA number 
Thiobarbituric acid (TBA) number is an important relevant property of 
meat product that expresses the oxidation state/oxidation rancidity status. The 
fermented sausage contains sufficient quantity of fat. The fat present in sausage 
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sample may be oxidized by atmospheric oxygen and may lead to develop of 
warmed oven flavor (WOF). WOF is related to the sensory quality of the 
products (Zisper et al., 1964). TBA number was determined as mg of 
malanaldehyde/kg. Malanaldehyde is produced as a result of fat oxidation and 
it reacts with TBA reagent to produce coloured complex with an absorption 
max/min at 530-532 mm. The red pigment produced is the reaction product 
obtained from condensation of two moles of TBA reagent with one mole of 
molanaldehyde (Sinnhuber et. al., 1958). The extent of colour formation 
measures the TBA number. The results of measurement of TBA number have 
been presented in Table-4.18. It is very clear that fermented sausage had very 
low value of TBA number especially when treated with sodium ascorbate. 
Ladicos and Lougovois (1990) studied the effects of sodium ascorbate on meat 
products. They reported that addition of ascorbic acid, isoascorbic acid and 
their salts improved colour stability and extended storage life of meat products 
by preventing fat oxidation.. 
The controlled fermented sausage had TBA number value between 
0.073 and 0.134 mg of malanaldehyde/kg, while treated sample had TBA 
number between 0.062 and 0.111. The increasing levels of fat, significantly 
(p<0.05) increased TBA number, while incorporation of heart did not 
significantly (p<0.05) affect TBA number. 
During refrigerated storage there was a consistent increase in TBA 
number value till 75 days in controlled sausage. Similar effect was also noted 
in case of SA treated sausage except that the rate of increment was lower as 
compared to the controlled samples. Refrigerated storage significantly (p<0.05) 
increased TBA number of controlled samples while the storage did not 
significantly (p<0.05) increase TBA number of SA treated sausage samples. 
The measurements were continued periodically till the spoilage condition of 
sausage sample. TBA number values were at very low order as for as 
deterioration level/rancidity level was concerned. The samples were in edible 
condition even on 60"' day of storage (4° C). The values of TBA number were 
even under safe limit of 75* day of storage. It was microbial count (total plate 
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Table-4.18 Evaluation of TBA values of semi dried fermented sausages 
during refrigerated storage at 4''C 
Sample No of days 
code 
controlled 0 15 30 45 60 75 
0.073±0.0075 0.095±0.00 0.121±0.008 0.131±0.0 0.142±0.009 0.153±0.0080 
Fhofi ab 85 0 076 5 ad 
0.102±0.0065 0.114±0.00 0.127±0.007 0.139±0.0 0.151±0.006 0.163±0.0085 
Fh,fi ab 66 0 091 1 ad 
0.108±0.0078 0.123±0.00 0.131±0.007 0.144±0.0 0.157±0.007 0.174±0.0066 
Fhzfi ab 95 1 051 7 ad 
0.118±0.0056 0.125±0.00 0.138±0.007 0.147±0.0 0.171±0.007 0.188±0.0065 
Fhof2 ac 45 0 060 5 de 
0.125±0.0066 0.131±0.00 0.141±0.006 0.153±0.0 0.183±0.006 0.194±0.0060 
Fhifa ac 70 7 076 6 de 
0.134±0.0076 0.147±0.00 0.152±0.005 0.167±0.0 0.182±0.005 0.205±0.0050 
Fhzfz ac 65 5 071 7 de 
Sample code treated 
0.062±0.0055 0.081±0.00 0.094±0.005 0.106±0.0 0.112±0.005 0.122±0.0066 
Fthofi ab 65 0 055 0 ab 
0.076±0.0061 0.092±0.00 0.108±0.006 O.llliO.O 0.127±0.006 0.134±0.0075 
Fthifi ab 75 8 070 5 ab 
0.085±0.0067 0.106±0.00 0.112±0.006 0.117±0.0 0.128±0.006 0.156±0.0058 
Fthzfi ab 64 0 079 0 ab 
0.102±0.0056 0.113±0.00 0.117±0.008 0.125±0.0 0.135±0.005 0.162±0.0077 
F,hof2 ac 66 8 065 5 ac 
0.107±0.0066 0.117±0.00 0.122±0.008 0.132±0.0 0.138±0.007 0.155±0.0066 
Fth,f2 ac 60 0 055 0 ac 
0.111±0.0070 0.125±0.00 0.131±0.005 0.139±0.0 0.146±0.006 0.127±0.0056 
Fth2f2 ac 71 5 035 0 aC 
Values are means of six replicates ±SD; Means with different letters in a column/columns 
differ significantly (P<0.05) 
F-> Fermented Sausages (Controlled) 
F, -> Fermented Sausages (Treated) 
ho, hi and h2^0, 15, and 20% heart level 
f, and f2-^20 and 25% fat level 
count and yeast and mold count), which exceeded beyond the safe limit and the 
sample was in spoiled condition on 75^ day. The values of TBA number of 
treated sample were comparatively lower as compared to their controlled 
counterpart. Tarladgis et al., (1960) also reported that TBA numbers were 
highly correlated with sensory score of trained panelists for rancid order in 
meat and meat product. These workers reported that threshold range of TBA 
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number for detecting off order in pork were approximately 0.5 - 1.0 while in 
cooked beef the values were in the range of 0.6 - 2.0. 
4.3.1.2 Microbiological quality 
(i) Total plate count 
Total plate count (TPC) of twelve samples of semi dry fermented sausages was 
evaluated in fresh condition and during refrigerated storage at 4°C (Table-
4.19). Incorporation of different levels of heart and also increasing levels of fat 
did not significantly (p<0.05) increase the log TPC/g values. There was no 
growth of spoilage microorganism especially bacteria till 30 days of storage. 
Very little count (reported as too few to count, TFTC) was observed till 30 
days storage. The microbial count (countable colonies) was reported on 45 
day of storage. Log TPC/g of fermented sausage samples (controlled) was 
found to be between 3.22 and 3.71 on 45"^  day. Treated samples had Log 
TPC/g values between 3.08and 3.95. . Refrigerated storage significantly 
(p<0.05) increased TPC of controlled and treated samples. Study on total plate 
count was carried out till the samples reached to spoilage conditions. On 75 
day, the TPC of all samples exceeded to 10^  and in most of the cases, it was 
found to be even more than 10 .^ Log TPC/g values were found to be in between 
6.94 and 7.51. This indicated the spoiled condition of sausages samples. 
Ranken and Kill (1993) described the spoilage condition at 10 per g of 
bacteria. The results are also in an agreement with Hytainen et al. (1966). They 
reported that incipient of spoilage of meat occurred when aerobic mesophiles 
count of meat samples reduced log 7/g. Similar results were also obtained by 
Essory et al., (1985), Barnes and Thromily (1966). Panda (1971) had also 
reported that when total viable count on meat tissue exceeds log lOVg, off 
odour and slim starts. Meat is rich in nutrition and therefore it is center of all 
attraction for microorganism, especially for bacteria due to their desirable pH 
for growth. Bacteria even at 4°C are surviving though the rate of growth is 
slow. Increased microbial population after 75* day caused degradation of 
protein and fat in to simple compounds like fatty acids, amines, carbon dioxide. 
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TabIe-4.19 Evaluation of Total plate count of buffalo meat semi dry fermented 
sausages during refrigerated storage at 4*'c 
Sample 
code/controlled 
Fhof, 
Fh.f, 
Fh2f, 
Fhof2 
Fh,f2 
Fh2f2 
Sample code/ 
treated 
Fthof, 
Fthif, 
F,h2f, 
Fthof2 
Fth,f2 
Fth2f2 
0 
TFTCab 
TFTCab 
TFTCab 
TFTCab 
TFTCab 
TFTCab 
TFTCab 
TFTCab 
TFTCab 
TFTCab 
TFTCab 
TFTCab 
15 
TFTC 
TFTC 
TFTC 
TFTC 
TFTC 
TFTC 
TFTC 
TFTC 
TFTC 
TFTC 
TFTC 
TFTC 
No of days 
30 
TPC. 
TFTC 
TFTC 
TFTC 
TFTC 
TFTC 
TFTC 
TFTC 
TFTC 
TFTC 
TFTC 
TFTC 
TFTC 
45 60 75 
, Logcfu/g 
3.71±0.120 4.11±0.180 7.15±0.100cd 
3.76±0.097 4.43±0.170 7.23±0.125cd 
3.25±0.080 4.63±0.124 7.34±0.135cd 
3.65±0.085 4.37±0.170 7.44±0.155cd 
3.93±0.170 4.42±0.165 7.38±0.200cd 
3.22±0.085 4.65±0.190 7.51±0.215cd 
3.08±0.160 3.78±0.160 6.94±0.140cd 
3.28±0.350 3.83±0.161 6.89±0.125cd 
3.91±0.195 3.94±0.166 7.14±0.157cd 
3.26±0.130 4.34±0.172 7.09±0.170cd 
3.95±0.170 4.45±0.205 6.69±0.180cd 
3.93±0.260 4.14±0.170 6.98±0.240cd 
Values are means of six replicates ±SD; Means with different letters differ in a 
column/columns significantly (P<0.05) 
F-> Fermented Sausages, (Controlled) F, -> Fermented Sausages (Treated) 
ho, h, and ha-^ O, 15, and 20% heart level 
f, and f2^20 and 25% fat level 
ammonia and sulphur dioxide. Therefore sausage developed off flavour after 
complete spoilage. 
(ii) Yeast and mold count 
Yeast and mold count (.log Y & MC/g) of twelve samples of semi dry 
fermented sausages was evaluated in fresh condition and during refrigerated 
storage at 4°C (Table-4.20). Yeast and mold coimt was not detected till 30 
days. Very little count (reported as too few to count (TFTC) was observed on 
increasing levels of fat did not significantly (p<0.05) increase the log Y & M 
C/g values. The yeast and mold count (countable colonies) was reported on 45* 
day of storage. Log Y & MC/g of fermented sausage samples (controlled) was 
found to be between 2.47 and 3.03 on 45"" day. Treated samples had Log Y & 
MC/g values between 2.67and 3.3.04. Refrigerated storage significantly30* 
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Table-20 Evaluation of Yeast and Mold Count of buffalo meat semi dry 
fermented sausages during refrigerated storage at 4*'C temperature 
Sample code 
controlled 
Fhof, 
Fh,f, 
Fhzf, 
Fhof2 
Fh,f2 
Fh2f2 
Sample code 
treated 
F,hof, 
Fth,f, 
Fth2fi 
Fthof2 
F,h,f2 
Fth2f2 
0 
NDab 
NDab 
NDab 
NDab 
NDab 
NDab 
NDab 
NDab 
NDab 
NDab 
NDab 
NDab 
15 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
30 
TFTC 
TFTC 
TFTC 
TFTC 
TFTC 
TFTC 
TFTC 
TFTC 
TFTC 
TFTC 
TFTC 
TFTC 
No of days 
45 
Log Y&MC/g 
3.03±0.28 
2.47±0.19 
2.81±0.18 
2.60±0.25 
2.95±0.16 
2.80±0.21 
2.67±0.17 
2.84±0.13 
2.89±0.12 
3.04±0.19 
2.87±0.16 
2.97±0.19 
60 
3.32±0.18 
3.57±0.15 
3.74±0.16 
3.18±0.21 
3.44±0.11 
3.15±0.09 
3.25±0.16 
3.73±0.19 
3.68±0.16 
3.79±0.17 
3.66±0.14 
3.18±0.17 
75 
4.95±0.20cd 
4.43±0.19cd 
5.19±0.18cd 
4.75±0.24cd 
4.89±0.21cd 
5.25±0.33cd 
4.21±0.l7cd 
4.71±0.10cd 
4.89±0.12cd 
5.12±0.19cd 
5.42±0.17cd 
4.98±0.16cd 
Values are means of six replicates ±SD; Means with different letters in a 
column/columns differ significantly (P<0.05) F ^ Fermented Sausages, (Controlled) 
Ft -> Fermented Sausages (Treated)ho, hi and h2^0, 15, and 20% heart levelfi and 
f2^20 and 25% fat level 
day of storage. Incorporation of different levels of heail and also(p<0.05) 
increased Y and M C of controlled and treated samples Yeast and mold count 
in log/g was found in the range of 4.21-5.19 on 75"' day. This particular range 
of yeast and mold count defined the spoilage condition. When yeast and mold 
count exceeded beyond 10'', the spoilage occurs (CUMAIRA, March, 2003). 
The morphology of mold growth was also studied as given in Fig.4.50. The 
mold species was identified as Aspergillus faucus under digital microscope 
(Olympus Trinocular, research microscope, BX-60, Japan) having camera 
attachment. The Department of Agricultural Microbiology of the Faculty of 
Agricultural Sciences extended this facility. 
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Fig.4.50 AspergiIlus/flMCi/5 detected in semi dry fermented 
sausage sample of buffalo meat 
4.3.1.3 Sensory Characteristics: 
Sensory characteristics of fermented sausages of twelve samples were 
conducted by a group of expert panelists on 9-point hedonic scale. ' 9 ' 
expressed liked extremely while T expressed dislike extremely. The 
fermented sausages had bright red colour after smoking and subsequent 
drying.. All the fi^esh fermented sausages (controlled) samples with 20% & 
25% fat had the score values for colour between ' 8 ' and '9 ' . It represented 
condition between liked very much & liked extremely. Different levels of heart 
and fat did not significantly (p<0.05) affect the colour score of control sausage. 
The aroma, texture, taste & juiciness score values of control sausage samples 
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were also found to be between '8' & '9'. Different levels of fat, significantly 
(p<0.05) improved aroma and texture taste and juiciness of control samples, 
however different levels of heart incorporation did not significantly (p<0.05) 
affect aroma, texture and juiciness. During refrigerated storage the score values 
of colour constantly decreased and score values of colour was found between 6 
and 7 after 60 days. Refrigerated storage significantly (p<0.05) reduced the 
score values of all attributes. The score values of aroma texture, taste and 
Juiciness were also found to decrease constantly during storage. However, the 
score values of these attributes were found above '7' even after 60 days. Score 
value '7' represented the like moderately condition of the samples. The 
sausages were found to be in acceptable condition of aroma, texture, taste and 
juiciness after 60 days storage. Table 4.22 shows the results of sensory 
characteristics evaluation of SA treated sausage during refrigerated storage (4 
C). The treated fermented sausages had higher score for colour, texture, and 
score values of all attributes. The score values of aroma texture, taste and 
Juiciness were also found to decrease constantly during storage. However, the 
juiciness as compared to their controlled counterpart (Table-4.22). Sahoo and 
Anjaneyulu (1996a, 1997a) studied the effects of sodium ascorbate (SA) on 
meat. They reported that 500-ppm treatment of SA on buffalo meat had higher 
colour score, lovibond tintometer red colour units and lower metmyoblobine 
content as compared to control and other levels of SA. Similar study was also 
conducted by Ladicos and Lougovois (1990) who reported that addition of 
ascorbic acid, isoascorbic acid and their salts improved colour stability and 
extended storage life of meat products. Different levels of heart and fat did not 
significantly (p<0.05) affect the colour score of treated sausage. However 
different levels of fat significantly (p<0.05) increased the score value of aroma, 
texture, taste and juiciness. Refrigerated storage (4°C) significantly (p<0.05) 
decreased the score values of all attributes of treated samples. The studies were 
carried out till the samples were found to be in spoiled condition. On 60"' day 
of storage, treated sample were found to be in edible condition as evaluated on 
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Table-4.21 Evaluation of Sensory Characteristics of buffalo meat semi dry 
fermented sausages (controlled) during refrigerated storage at 4 C 
temperature 
Sample 
code 
controlle 
d 
Fhof, 
Fh,f, 
Fhzf, 
Fhof2 
Fh,f2 
Fh2f2 
Colour 
Aroma 
Texture 
Taste 
Juicines 
s 
Colour 
Aroma 
Texture 
Taste 
Juicines 
s 
Colour 
Aroma 
Texture 
Taste 
Juicines 
s 
Colour 
Aroma 
0 
8.5±0.25ab 
8.5±0.32ac 
8.4±0.30ac 
8.4±0.28ac 
8.5±0.27ac 
8.4±0.20ab 
8.5±0.24ac 
8.2±0.29ac 
8.3±0.26ac 
8.4±0.37ac 
8.4±0.26ab 
8.4±0.37ac 
8.1±0.26ac 
8.4±0.20ac 
8.5±0.17ac 
8.5±0.17ab 
8.6±0.27ad 
Texture 8.5±0.24ad 
Taste 
Juicines 
s 
Colour 
Aroma 
8.6±0.27ad 
8.6±0.24ad 
8.4±0.32ab 
8.5±0.28ad 
Texture 8.3±0.35ad 
Taste 
Juicines 
s 
Colour 
Aroma 
8.5±0.31ad 
8.5±0.27ad 
8.5±0.31ab 
8.4±0.27ad 
Texture 8.2±0.18ad 
Taste 
Juicines 
s 
8.5±0.19ad 
8.4±0.10ad 
15 
8.1±0.23 
8.3±0.21 
8.2±0.23 
8.1±0.20 
8.3±0.28 
8.2±0.27 
8.1±0.14 
8.1±0.26 
8.0±0.25 
8.2±0.29 
8.1±0.26 
8.2±0.20 
7.9±0.22 
7.9±0.27 
8.2±0.29 
8.2±0.34 
8.3±0.32 
8.3±0.31 
8.3±0.25 
8.4±0.27 
8.1±0.24 
8.2±0.22 
8.2±0.15 
8.2±0.21 
8.3±0.23 
8.1±0.25 
8.1±0.14 
8.0±0.24 
8.3±0.25 
8.2±0.24 
No of 
30 
days 
45 
Score Values 
7.8±0.27 
8.1±0.19 
8.0±0.25 
7.9±0.17 
8.1±0.31 
7.7±0.33 
7.9±0.17 
7.8±0.29 
7.7±0.28 
7.9±0.31 
7.9±0.29 
7.9±0.22 
7.7±0.20 
7.6±0.24 
7.8±0.37 
7.8±0.31 
8.2±0.28 
8.1±0.26 
8.1±0.27 
8.2±0.25 
7.9±0.17 
8.1±0.14 
8.1±0.27 
7.9±0.19 
8.1±0.24 
7.8±0.14 
7.9±0.27 
7.9±0.31 
7.9±0.22 
7.8±0.28 
7.1±0.25 
7.7±0.19 
7.6±0.25 
7.6±0.17 
7.7±0.31 
7.2±0.17 
7.6±0.29 
7.5±0.28 
7.4±0.3] 
7.7±0.29 
7.0±0.22 
7.5±0.20 
7.4±0.24 
7.4±0.35 
7.5±0.31 
7.3±0.28 
7.9±0.26 
7.8±0.27 
7.9±0.25 
7.8±0.17 
7.2±0.24 
7.0±0.27 
7.8±0.31 
7.6±0.18 
7.7±0.27 
7.1±0.23 
7.7±0.32 
7.7±0.27 
7.7±0.25 
7.5±0.27 
60 
6.2±0.18 
7.2±0.24 
7.3±0.27 
7.1 ±0.20 
7.3±0.25 
6.1±0.14 
7.U0.24 
7.2±0.30 
7.1±0.23 
7.3±0.25 
6.1±0.28 
7.3±0.26 
7.1 ±0.24 
7.2±0.20 
7.2±0.22 
6.9±0.28 
7.5±0.23 
7.4±0.26 
7.6±0.23 
7.5±0.28 
6.7±0.31 
7.4±0.29 
7.5±0.20 
7.4±0.28 
7.3±0.27 
6.6±0.23 
7.3±0.27 
7.4±0.24 
7.6±0.21 
7.3±0.31 
75 
5.4±0.33ae 
6.7±0.31de 
7.1±0.25de 
6.6±0.28de 
6.9±0.20de 
5.4±0.20ae 
6.6±0.37de 
6.9±0.23de 
6.8±0.17de 
6.9±0.21ae 
5.4±0.37ae 
7.1±0.28de 
7.0±0.21de 
6.9±0.28de 
6.5±0.17de 
7.1±0.20ae 
6.9±021ef 
7.3±0.25ef 
7.2±0.22ef 
7.2±0.28ef 
6.3±0.24ae 
7.2±0.31ef 
6.9±0.16ef 
7.3±0.18ef 
7.2±0.23ef 
6.3±0.25ae 
7.1±0.27ef 
7.0±0.28ef 
7.3±0.23ef 
7.1±0.28ef 
Values are means of six replicates ±SD; Means with different letters differ in a 
column/columns significantly (P<0.05) F ^ Fermented Sausages, (Controlled) F, -» 
Fermented Sausages (Treated) 
ho, hi and h2->0, 15, and 20% heart level 
f, and f2^20 and 25% fat level 
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Table-4.22 Evaluation of Sensory Characteristics of buffalo meat semi dry 
fermented sausages (Treated) during refrigerated storage at 4 C 
temperature 
Sample 
code 
Treated 0 15 
No of days 
30 45 
Score Values 
60 75 
Colour 8.7±0.26ab 8.4±0.25 8.1±0.29 7.8±0.32 6.7±0.14 6.2±0.30ae 
Aroma 8.4±0.33ac 8.3±0.21 7.8±0.25 7.3±0.22 6.8±0.21 6.3±0.29de 
Texture 8.7±0.27ac 8.5±0.27 8.3±0.29 7.8±0.23 7.2±0.23 6.6±0.22de 
Taste 8.5±0.19ac 8.2±0.31 7.8±0.16 7.3±0.25 6.8±0.24 6.4±0.24de 
Fthof, Juiciness 8.8±0.21ac 8.4±0.30 8.2±0.23 7.7±0.28 7.3±0.29 6.9±0.17de 
Colour 8.6±0.23ab 8.3±0.15 7.9±0.21 7.5±0.23 6.8±0.28 6.1±0.15ae 
Aroma 8.5±0.28ac 8.3±0.27 8.0±0.24 7.7±0.18 7.2±0.33 6.7±0.32de 
Texture 8.6±0.25ac 8.4±0.29 8.1±0.19 7.8±0.15 7.3±0.20 6.4±0.I8de 
Taste 8.4±0.22ac 8.1±0.27 7.9±0.18 7.5±0.18 7.1±0.18 6.±60.16de 
F,h,f, Juiciness 8.7±0.31ac 8.4±0.26 8.1±0.21 7.8±0.27 7.2±0.16 7.0±0.19de 
Colour 8.7±0.24ab 8.5±0.18 8.3±0.29 7.8±0.25 7.4±0.22 7.1±0.31ae 
Aroma 8.5±0.16ac 8.3±0.24 7.8±0.26 7.5±0.21 7.3±0.21 6.9±0.25de 
Texture 8.7±0.21ac 8.4±0.35 8.2±0.22 7.9±0.23 7.4±0.17 6.5±0.15de 
Taste 8.5±0.25ac 8.3±0.29 8.0±0.19 7.7±0.15 7.1±0.13 6.9±0.19de 
FM, Juiciness 8.6±0.26ac 8.2±0.26 7.9±0.16 7.5±0.20 7.2±0.25 6.9±0.31de 
Colour 8.5±0.32ab 8.3±0.24 8.1±0.22 7.9±0.17 7.4±0.27 6.6±0.25ae 
Aroma 8.6±0.27ad 8.2±0.23 7.9±0.23 7.6±019 7.1±0.24 7.2±0.15ef 
Texture 8.5±0.30ad 8.3±0.19 8.1±0.26 7.8±0.18 7.5±0.19 6.7±0.11ef 
Taste 8.4±0.24ad 8.3±0.21 8.0±0.29 7.7±0.19 7.2±0.25 6.8±0.17ef 
F M Juiciness 8.7±0.15ad 8.4±0.16 8.2±0.27 7.8±0.15 7.5±0.33 6.4±0.29ef 
Colour 8.5±0.18ab 8.2±0.25 7.9±0.22 7.2±0.14 6.8±0.21 6.4±0.27ae 
Aroma 8.6±0.IIad 8.3±0.29 8.1±0.19 7.9±0.22 7.4±0.33 7.3=t0.21ef 
Texture 8.5±0.23ad 8.3±0.16 8.1±0.28 7.9±0.27 7.6±0.21 7.2±0.26ef 
Taste 8.6±0.12ad 8.4±0.25 8.1±0.30 7.7±0.22 7.5±0.25 7.3±0.29ef 
F,hif2 Juiciness 8.6±0.18ad 8.3±021 8.2±0.25 7.9±0.25 7.8±0.24 7.3±0.14ef 
Colour 8.5±0.23ab 8.2±0.25 7.9±0.21 7.1±0.28 6.3±0.21 5.4±0.19ae 
Aroma 8.6±0.27ad 8.2±o.31 7.9±0.24 7.4±0.21 7.3±0.18 6.9±0.21ef 
Texture 8.5±0.31ad 8.2±0.35 7.9±0.31 7.7±0.16 7.5±0.32 7.2±0.18ef 
Taste 8.6±0.18ad 8.3±0.34 8.1±0.25 7.8±0.24 7.4±0.24 7.0±0.14ef 
F,h2f2 Juiciness 8.5±0.16ad 8.2±0.27 7.9±0.23 7.7±031 7.5±0.17 7.1±0.23ef 
Values are means of six replicates ±SD; Means with different letters in a column/columns 
differ significantly (P<0.05) F ^ Fermented Sausages, (Controlled) F, -> Fermented 
Sausages (Treated), ho, h, and h2->0, 15, and 20% heart level, f, and f2^20 and 25% fat level 
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the basis of microbiological, sensory characteristics and TBA number values. 
However on 75* day the samples were found to be in deteriorated conditions, 
which was decided on the basis of total plate count, yeast and mold count and 
sensory characteristics. 
4.3.1.4 Instrumental texture analysis 
Texture analysis of semi dry fermented sausage was conducted in fresh 
condition and after 60 days refrigerated storage (4°C). The hardness was 
measured by positive peak force (PPF) of the graph plotted force vs time. 
Hardness is inversely related with tenderness. Table-4.23 and Fig. 4.51-4.62 
and presents the results of texture analysis of fermented sausages (Controlled 
and treated) in fresh condition. Three samples (controlled, with 0, 15, and 20% 
heart and each with 20% fat were found to have PPF values 1910.5 g, 755.5g 
and 554. Ig respectively. The incorporation of heart decreased the hardness and 
increased tenderness. Increasing the level of fat from 20% to 25% also 
decreased hardness (Table-4.23). Different levels of heart incorporation and 
also increasing levels of fat significantly (p<0.05) decreased the values of 
positive peak forces. Three other samples of controlled sausages 0, 15, 20% 
heart but with 25% fat were found to have PPF values 1418.1g, 769.2g and 
528.8g respectively. Similarly three samples of treated fermented sausages had 
PPF 2454.Og, 1558.4g and 600.8g respectively. These results show that 
incorporation of heart/increasing heart level decreased PPF/hardness of the 
product. Similar results were noted in both controlled and treated sausage 
samples. 
Increasing values of PPF showed that the hardness of the product was 
increased during refrigerated storage (4" C). Refrigerated storage significantly 
(p<0.05) increased the values of positive peak forces. On 60"" day, PPF of 
controlled samples (with different levels of heart and 20% fat) were 
respectively 2,319.9g, 931.4g and 790.4g. The increase in hardness during 
storage was due to loss of moisture content. The values of PPF for treated 
samples with different levels of heart and 20% fat were 4,144.4g, 3,162.5g and 
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l,687.3g respectively (Table-4.23). The increasing levels of heart and fat were 
found to cause decrease of PPF/hardness and so tenderness of the product was 
increased (Fig. 4.63-4.74). On 60"^  day, the samples were found to be in edible 
condition, which was decided on the basis of microbial characteristics, TBA 
number and sensory characteristics. However, the samples were found to be in 
spoiled condition on 15^ day. The shelf life of the semi dry fermented sausage 
was 60 days. 
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Table-4.23 Measurements of hardness of semi dry fermented sausages of 
buffalo meat 
Sample code/ Positive peak force, g Positive peak force, g 
Controlled In fresh condition On 60'" day of storage (4°C) 
Fhon 
Fhin 
Fh2n 
FhOfi 
Fhlf2 
Fh2f2 
1910.5±8.75 ab 
755.5±3.86 be 
554.1±5.89bc 
1418.1±7.78ad 
769.2±4.15de 
528.8±5.31 de 
2319.9±15.75ae 
931.4±8.47be 
790.6±7.56 be 
1598.3±8.79de 
833.5±6.79 df 
488.0±4.78 df 
Treated 
FthOfl 2454.0±13.49ab 4144.4±11.33 ae 
Fthlfl I558.4±7.75bc 3162.5±12.53 be 
Fth2n 600.8±7.01 be 1687.3±8.71 be 
Fth0f2 2352.7±8.45 ad 1347.0±6.55 de 
Fthlf2 1024.9±6.75 de 1045.7±5.49 df 
Fth2f2 457.3±5.34 de 670.9±5.19df 
Values are means of six replicates ±SD; Means with different letters differ in a 
column/columns significantly 
F ^ Fermented Sausages (Controlled) 
F, -> Fermented Sausages (Treated) 
ho, hi and h2^0, 15, and 20% heart level 
fi and f2^20 and 25% fat level 
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Figure 4.51 Texture analysis for measurement of hardness of buffalo meat fermented 
sausages (semi dry type, controlled with 0% heart and 20% fat) in fresh condition 
Force (g) 
2000 
15 0 20 0 
Time (sec) 
Figure 4.52 Texture analysis for measurement of hardness of buffalo meat 
fermented sausages (semi dry type, controlled, 15% heart and 20% fat) in fresh 
condition 
Force (g) 
800 0 
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Figure 4.53 Texture analysis for measurement of hardness of buffalo meat 
fermented sausages (semi dry type, controlled,20% heart and 20% fat) in fresh 
condition 
Force (g) 
600 0 
Figure 4.54 Texture analysis for measurement of hardness of buffalo meat 
fermented sausages (semi dry type, controlled, 0% heart and 25% fat) in fresh 
condition 
Force (g) 
I6OO1 
-200 Time (sec) 
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Figure 4.55 Texture analysis for measurement of hardness of buffalo meat 
fermented sausages (semi dry type, controlled, 15% heart and 25% fat) in fresh 
condition 
Force (g) 
800 0 
15 0 
Time (sec) 
Figure 4.56 Texture analysis for measurement of hardness of buffalo meat 
fermented sausages (semi dry type, controlled, 20% heart and 25% fat) in fresh 
condition 
Force (g) 
600 0-
500 0 
400 0 
300 0 
200 0 
100 0-
OOP 
-100 0 
IS 0 20 0 
Time (sec ] 
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Figure 4.57 Texture analysis for measurement of hardness of buffalo meat fermented 
sausages (semi dry type, treated, 0% heart and 25% fat) in fresh condition 
Force (g) 
2500n 
20 0 
Time (sec) 
Figure 4.58 Texture analysis for measurement of hardness of buffalo meat fermented 
sausages (semi dry type, treated, 15% heart and 25% fat) in fresh condition 
Force (g) 
16001 
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Figure 4.59 Texture analysis for measurement of hardness of buffalo meat fermented 
sausages (semi dry type, treated, 20% heart and 25% fat) in fresh condition 
Force (g) 
700 0-
•1000 
idbr^ 15 0 
Time (sec) 
Figure 4.60 Texture analysis for measurement of hardness of buffalo meat fermented 
sausages (semi dry type, treated, 0% heart and 25% fat) in fresh condition 
Force (g) 
2500n 
-250 
IS 0 20 0 
Time (sec) 
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Figure 4.61 Texture analysis for measurement of hardness of buffalo meat fermented 
sausages (semi dry type, treated, 15% heart and 25% fat) in fresh condition 
Force (g) 
uoo-
1200-
12 5 
Time (sec) 
Figure 4.62 Texture analysis for measurement of hardness of buffalo meat fermented 
sausages (semi dry type, treated, 20% heart and 25% fat) in fresh condition 
Force (g) 
sooo 
ISO 20 0 
Time (sec) 
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Figure 4.63 Texture analysis for measurement of hardness of buffalo meat fermented 
sausages (semi dry type, controlled, 0% heart and 20% fat) on 60"^  day of refrigerated 
storage (4°CL , . 
Force (g) 
2500-
10.0 12.5 
Time (sec.) 
Figure 4.64 Texture analysis for measurement of hardness of buffalo meat fermented 
sausages (semi dry type, controlled, 15% heart and 20% fat) on 60'^  day of 
refrigerated storage (4^C) 
Force (g) 
1000' 
-100 
Time {sec] 
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Figure 4.65 Texture analysis for measurement of hardness of buffalo meat fermented 
sausages (semi dry type, controlled, 20% heart and 20% fat) on 60* day of 
refrigerated storage (4''C) 
Force (g) 
S O O O T 
-lOO.OJ 
15.0 
Time (sec.) 
Figure 4.66 Texture analysis for measurement of hardness of buffalo meat fermented 
sausages (semi dry type, controlled, 0% heart and 25% fat) on 60* day of refrigerated 
storage (4V) 
Force (g) 
1600i 
15.0 
Time (sec.) 
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Figure 4.67 Texture analysis for measurement of hardness of buffalo meat fermented 
sausages (semi dry type, controlled, 15% heart and 25% fat) on 60* day of 
refrigerated storage (4°C) 
Force (g) 
900i 
Time (sec.) 
Figure 4.68 Texture analysis for measurement of hardness of buffalo meat fermented 
sausages (semi dry type, controlled, 20% heart and 25% fat) on 60* day of 
refrigerated storage (4*'C) 
Force (g) 
SOO.Oi 
15.0 
Time (sec.) 
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Figure 4.69 Texture analysis for measurement of hardness of buffalo meat fermented 
sausages (semi dry type, treated, 0% heart and 20% fat) on 60"^  day of refrigerated 
storage (4°C) ^^ ^^ ^ ^^ ^ 
iSOOi 
10.0 12.5 
Time (sec.) 
Figure 4.70 Texture analysis for measurement of hardness of buffalo meat fermented 
sausages (semi dry type, treated, 15% heart and 20% fat) on 60"' day of refrigerated 
storage (4°C 
Force (g) 
3500i 
12.5 
-500 Time (sec.' 
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Figure 4.71 Texture analysis for measurement of hardness of buffalo meat fermented 
sausages (semi dry type, treated, 20% heart and 20% fat) on eo^ *" day of refrigerated 
storage (4°C) 
Force (g) 
1800 
Figure 4.72 Texture analysis for measurement of hardness of buffalo meat fermented 
sausages (semi dry type, treated, 0% heart and 25% fat) on 60* day of refrigerated 
storage (4°C) 
Force (g) 
1400-1 
Time (sec.) 
168 
Results and discussion 
Figure 4.73 Texture analysis for measurement of hardness of buffalo meat fermented 
sausages (semi dry type, treated, 15% heart and 25% fat) on 60'*' day of refrigerated 
storage (4 C) 
Force (g) 
12001 
1000 
80.0 
Time (sec.) 
Figure 4.74 Texture analysis for measurement of hardness of buffalo meat fermented 
,th 
sausages (semi dry type, treated, 20% heart and 25% fat) on 60 day of refrigerated 
storage (4°C) 
Force (g) 
700.0 
-100.0 
10.0 12.5 
Time (sec.| 
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CHAPTERS 
CONCLUSION 
Buffalo meat could be successfully used for development of fresh and 
fermented sausages. In fresh sausages, the colour of the product was not 
excellent particularly the colour of SHMP treated fresh sausage was a little 
dark. However, the aroma, texture, taste and juiciness were found to be in the 
rage of 'like very much' to 'like extremely'. Other properties like pH, moisture 
content, TBA number and microbiological characteristics (total plate count and 
yeast and mold count) were also found to be with in safe limit for 28 days 
during refrigerated storage (0° C). 
Semi dry fermented sausage was found to be in cherry red colour 
after fermentation, smoking and drying. Especially colour of sodium ascorbate 
treated sausage was more attractive and was liked by the panelist. Buffalo meat 
semi dry fermented sausage were highly acceptable as reported by panelist 
during sensory evaluation. The score values of all attributes (colour, aroma, 
texture, taste and juiciness) were foimd in the range of 8-9, which represented 
either like very much or like extremely conditions. 
Different levels of heart incorporation in lean meat (both for fresh and 
fermented sausages development) were studied to explore the utilization of 
edible by-product but without impairing the quality of fmal products. 
Incorporation of heart up to 20% (of the quantity of lean meat) level could be 
incorporated. Treatment of SHMP in fresh sausage increased water binding 
capacity and therefore moisture loss rate during storage, was less as compared 
to control sample. In fermented sausage, heart incorporation had important role 
in providing carbohydrate to culture micro flora. Heart muscle has 
carbohydrate (1.3%) while the lean meat has no carbohydrate. It was 
ascertained in one of the trial when carbohydrate source (dextrose+sucrose) 
was not used in the mix for development of fermented sausage. The sample 
without heart could not carry out fermentation, which was detected by 
negligible change of pH. However, in case of heart incorporated, there was a 
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drop in pH by 0.7 units during fermentation, smoking and drying. Sodium 
ascorbate treatment improved colour and reduced metmyoglobin content. 
In fresh sausage, different levels of heart incorporation did neither 
decrease quality nor shelf life. It also did not significantly (p<0.05) affect the 
total plate count or yeast mol count. Heart incorporation decreased hardness (as 
measured by instrumental texture) and increased tenderness. Increasing levels 
of fat from 15% to 25% improved aroma, texture, taste and juiciness of fresh 
sausage. Quality of fermented sausages was also not affected significantly 
(p<0.05) by incorporation of different levels of heart. . Heart incorporation 
decreased hardness (as measured by instrumental texture) and increased 
tenderness. Aroma, texture, taste and juiciness were improved by increasing the 
level of fat. 
Shelf life of fresh sausage was found to be 28 days at 0° C while the 
shelf life of semi dry fermented sausage samples were found to be 60 days at 
4 C. Fermented sausages were found to be more stable as compared to fresh 
sausages because of low moisture and reduced pH. 
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RECOMMENDATIONS 
The economics of the fresh and fermented sausages may be worked out, 
as buffalo meat is being a cheapest muscle food and potential source of 
meat in India. Sausage production (from buffalo meat) may be carried 
out at uidustrial level. It will compete in the market with the sausages of 
other meat sources like poultry, mutton etc. as It is quality wise better 
and cheaper. 
• 
Fermented sausages were packed in HDPE bags under air packaging 
system. The study may be carried out under vacuum and carbon dioxide 
flush system to further increase shelf life. 
Low calorie sausages may be developed by replacing a part of fat, by fat 
mimicking system and there is a high demand for low calorie food 
products because of large number of people suffering from coronary 
diseases. This concept may be adopted for ftirther research work on 
meat products including sausages. 
Dry fermented sausages may be developed from buffalo meat and their 
shelf life study may be carried out under ambient conditions. 
Different thermo hygrometric conditions may be taken for carrying out 
fermentation and drying of sausages. The optimum level of temperature 
and humidity may be chosen and further recommended for good quality 
fermented sausage making 
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EFFECT OF CURING, ANTIOXIDANT TREATMENT, AND 
SMOKING OF BUFFALO MEAT ON PH, TOTAL PLATE 
COUNT, SENSORY CHARACTERISTICS, AND SHELF LIFE 
DURING REFRIGERATED STORAGE 
S. Ahmad, A. Anzar, A.K. Srivastava and P.K. Srivastava 
Department of Post Harvest Engineering and Technology, Aligarh Muslim 
University, Aligarh, India 
The effects of curing, antioxidants, and smoking on pH, total plate count ( TPC), and 
sensory characteristics of buffalo meat stored atifC and packed in low density polyethylene 
(LDPE) hags were investigated. It was observed that treatment of curing, antioxidants 
(Sodium ascorhate, SA), and smoking, either alone or in combination, significantly 
(p < 0.05) increased pH and reduced TPC of control meat sample. The combined treatments 
of curing + smoking and curing + SA + smoking were significantly (p < 0.05) different 
from the single treatments of curing and smoking (least significant difference, LSD, was 
found to be less than the difference of log TPCjg values of these treatments). Sensory 
characteristics, like color and texture, were also significantly improved by single as well as 
combined treatments of curing, antioxidants, and smoking. However, these treatments did 
not significantly (p < 0.05) affect aroma of the controlled meat sample. Storage study 
(at refrigeration temperature, OPC) revealed that the combined treatment of 
curing + SA + smoking was found to be significantly (p < 0.05) different and most effec-
tive in increasing the shelf life of the controlled meat sample. The shelf lives of meat samples 
were exactly determined by TPC value and sensory characteristics (total plate count in the 
order oflO', slimy texture, and undesirable aroma described the beginning of spoilage). The 
shelf life of control, cured, curing + SA, smoked, cured + smoked, and cured + 
SA + smoked were found to be 20, 30, 35, 25, 30, and 50 days respectively. 
Keywords: Curing, Antioxidant, Smoking, Total plate count. Sensory characteristics, 
Slielflife. 
INTRODUCTION 
Meat is a highly perishable food product, which has been consumed since time 
immemorial. Curing, smoking, and salting are the earliest known methods of meat 
preservation. Nitrites and nitrates for curing was used to develop color in meat. The 
process of curing was also later adapted as a means of preservation. Curing reduced 
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QUALITY ATTRIBUTES OF FRUIT BAR MADE FROM 
PAPAYA AND TOMATO BY INCORPORATING 
HYDROCOLLOIDS 
S. Ahmad, A.K. Vashney and P.K. Srivasta 
Department of Post Harvest Engineering and Technology, Faculty of 
Agricultural Sciences, Aligarh Muslim University, Aligarh, India 
Fruit bar was prepared from hlend of ripe papaya and tomato pulps (variety, Red Lady and 
C. V. Naveen, respectively) in the ratio 75:25 on weight basis. Effects of hydrocolloids viz. 
pectin (P), starch (S), and ethyl cellulose (EC) and its three different levels on physico-
chemical, sensory, and textural characteristics were investigated, ft was found that seven 
different samples of fruit bar had moisture contents of 20.9-22.1% and total soluble solids 
78.1-78.8°Brix while pH, browning index, and vitamin C contents were in the following 
ranges, 4.3-4.50, 0.137-0.150 (OD), and 40.5-41.4 mg/100g respectively. Texture study 
revealed that hydrocolloids incorporation at 1% each of starch + ethyl cellulose and 
pectin + starch, 1.5% each caused significant (P < 0.05) increased in compactness I hard-
ness of texture. Sensory characteristics study revealed that all the samples of fruit bar were 
acceptable in taste, color, and aroma but differed significantly (P < 0.05) in their texture. 
The samples packed in LDPE hags (100 pi), stored at 35-45°C for four months. It was 
found that there were significant (P < 0.05) changes in physico-chemical properties like 
acidity and vitamin C during four months storage. No significant (P < 0,05) effect on 
either browning index (OD) or deterioration in color, taste, and aroma of these samples 
was observed. During four months storage change in color and texture were not uniform for 
all treatments. Addition of 0.5 and 1% of each starch + ethyl cellulose were effective in 
maintaining the color while 0.5,1, and 1.5% of each P + S was effective in improving the 
texture during four months storage. 
Keywords: Fruit bar, Hydrocolloids, Browning index. Vitamin C, Texture analysis. 
Hardness, Gumminess. 
INTRODUCTION 
Papaya is a popular tropical fruit. India accounts for about 7% of world's 
papaya production. India is a major producer of papaya after Brazil and Indonesia. 
India produced papaya 0.49 MX in 1995 while the world production was 3.84 MT 
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Effect of Microwave Oven Processing, Hot Air Oven Cooking, Curing 
and Polyphosphate Treatment on Physico-chemical, Sensory and 
Textural Characteristics of Buffalo Meat Products 
I. HODA, S. AHMAD* AND P.K. SRIVASTAVA 
Department of Post-harvest Engineering and Technology, 
Faculty of Agricultural Science, Aligarh Muslim University, 
Aligarh - 202 002, India 
Study on effect of microwave (MW) processing as compared to hot air oven (HAO) cooking, curing and polyphosphate 
(PP) treatment on pH, cooking loss, sensory and textural characteristics of buffalo meat (controlled anJJ treated) products namely 
sham kabab, boty kabab and patties, was conducted and it was found that treatment of cunng combined with PP on controlled 
meat, increased pH from 5 70 to 6 12, reduced percent cooking loss from 17 5 to 10 3% Processing methods had no significant 
effect on pH of meat products It was obsen/ed that colour and tenderness improved in case of MW oven (sensory scores 
for colour on Hedonic scale were 7 4, 7 3 and 7 8 for MW 6 4 ,63 and 6 4 for HAO cooking for three products) The positive 
peak forces were greater for three products for HAO as compared to MW oven in textural analysis (by texture analyser -HO 
using guillotine knife) MW oven reduced the time of cooking as compared to HAO and it caused uniform heating of meat 
products (10 mm for MW and 30 mm at ISO^C for HAO) Cunng and PP treatment further improved the tenderness of three 
products over controlled samples However, flavour was better in case of HAO product due to exessive heating effect 
Keywords : Microwave processing Cooking loss. Curing , Polyphosphate treatment. Sensory charactenstics, Textural 
characteristics, Buffalo meat products 
Cooking not only improved palatabilify but also reduced 
he incidence of spoilage by partial destruction of the bactenal 
\ora Thus cooking of meat improved in keeping quality and 
3xfended its storage life Cooking not only contnbuted to the 
stability of meat products, but also played a most important 
ole in providing a vanety of meat products which can be 
jchieved solely by modifying cooking procedure (Pearson and 
jillett 1997) 
India has the largest bovine population in the world The 
:ontnbution of livestock to its economy has been estimated 
0 be Rs 15000 crores of which the share of meat and meat 
3ro(^cts IS 11 5% If has been reckoned that the live stock 
and poultry accounts for 20% of the gross national product 
Hindu Survey of Indian Agriculture 1999) 
Meat quality of buffalo meat is very important from 
:onsumer's point of view Meat quality is assessed by 
:hemical composition, physical characteristics, microbial profile 
and sensory evaluation such as colour, taste, texture, juiciness 
ind odour 
Microwave has transformed the life style of people all 
3ver the world by dramatically reducing the hours spent by 
lousewives in the kitchen Foods cook, evenly, quickly and 
jfficiently in the microwave In this way the nutnents are 
^reserved and the natural taste of food is retained to a higher 
Jegi^e 
The nutritive value of muscle protein is known to be of 
iigh quality The muscle proteins also suffer little damage 
when processed alone and denaturation does not affect protein 
quality (Bender 1978) Nath et al (1996) prepared chicken 
)atties by adding different levels of chicken fat as well as other 
ngredienfs and subjected to hot air oven and microwave oven 
'Corresponding Author 
cooking 
Nutritive value of most foods is affected by cooking 
irrespective of methods either in commercial establishment or 
at house holds (Posati 1979) Nutrient changes can occur 
through heat liability, leaching into cooking liquids, dnp losses 
or absorption of cooking media 
Cunng and polyphosphate treatment influence the 
functional as well as sensory characteristics of meat Addition 
of salt (2 5%) and fetrasodium pyrophosphate (1%) to hot 
minced to buffalo meat had significantly increased the pH, 
water holding capacity, and decreased cooking losses (Kondaiah 
et al 1986) Nitrates for cunng was adopted to develop colour 
in meat Baliga and Amia (1977) showed that sodium nitrate 
up to 200 ppm could be added to cure products to hasten 
cunng processing Nitrate contnbution to flavour was reported 
in cured ham (Barnet et al 1975) The use of polyphosphate 
in processed products of beef/pork/ chicken has been increasing 
because of beneficial effects, like improving the functionality 
of meat and palatability as storage stability of meat products 
Food grade polyphosphate and their blends are incorporated 
in the formulation of meat cunng bnnes, sausages and 
restructured meat products to enhance their quality in respect 
of water holding capacity and emulsion stability (Knife et al 
1985) and texture (Matlock et al 1984, Molins et at 1987) 
Texture measurement and texture profile analysis (TPA) 
(Bourne 1978, Henry et al 1971) of the semi solid foods were 
performed at room temperature by TA XT2 Texture Analyser 
(SfvlS Godalming, UK), Textural properties of dry cured ham 
was determined by Texture Analyser (Stable Micro System 
England) by flat plunger 75 mm diameter (SMS-P/25) with 5 
sec cycle (Tabilo et al 1999) 
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Effect of Treatments, Cultivar and Packaging 
Materials on Physico-Chiemical and Sensory 
Characteristics of Potato Chips 
by 
S, Ahmed, S. K. Pathak, M. A. Khan and P. K. Srivastava 
ABSTRACT 
Potato chips are one of the popular snack food items, the 
consumption of which is increasing day by day. Production 
and maricetfng of potato chips has become an attractive food 
industry in India. The chips are manufactured from different 
varieties of potato but it imperative to determine the variety 
which may be most suitable from commercial point of view. 
Present research work was carried out to evaluate the 
physicochemical and sensory qualities and storage stability 
of potato chips made from three varieties of potato namely 
Kufri Badshah, Kufri Sinduri and Kufrl Bahar, packed in 
HOPE (high density poly ethylene) and combination film of 
aluminium and polyethylene. In general, the moisture 
contents of fried chips in fresh condition varied between 2.67 
and 3.6% for all varieties. Similarly fatabsorption was found 
fa vary between 22.6 to 30.6%. There wa»m9tei fat absorption 
m case of Kufri Bahar variety as compared at Kufri Badshah 
and Kufri Sindhurl varieties after frying. Lowestfaiabsorption 
was found to be in case of Kufri Sindhuri variety treated wtttt 
KIVIS. Browning index (0.063) was observed in Kufri Stndurf 
variety with combined treatment of Cach and KMS. Senaory 
characteristics study revealed that colour scores. ChtfiB 
made of Kurfi Badshah variety treated with lOOOppm 
potassium meta-bisuiphite and SOOppm of calcium chloride 
was higher as compared to other two varieties namely Kufri 
Bahar and Kufri Sinduri. Score values of aroma of chips 
(given combined treatment) made from these varieties were 
respectively 7.56, 7.50 and 7.67. Both chip samples of single 
and combined treatment of Kurfi Sinduri variety rated 
maximum score for texture (8.20 and 8.50 respectively) as 
compared to chips of the score values of Kurfi Bahar and 
Kurfi Badshah varieties (score values for both the treatments 
of these varieties were 7.20, 7.60 and 7.33,7.75 respectively). 
Storage study (under ambient condition) revealed that quality 
of potato chips was best maintained in combination film as 
compared to HOPE packaging. 
INTRODUCTION 
Potsfto is an important vegetable crop of the world. If is a member 
(^nightshade family (Solanaceae) and originated in the Peruvian 
and Bolivian Andes of South America. The Spanish came in 
contact with potatoes in middle of 16th century when they 
invaded Peru. The Spanish recognized at once the importance 
of the new crop as an easy to cultivate, abundant source of 
cheap food. 
India produced 24.2 million tones of potatoes covering total 
area of 1.34 million hectares (Economic Survey of Indian 
Agriculture, 2000-2001) while the world production was 293 
™iion tonnes covering the production area 18 million hectares 
pAO, 1998). 
' With the breakup of the former Soviet Union, China is now the 
bond's largest potato producer. India ranks number four. Potato 
Pccupies largest area under a single vegetable crop in the 
*Ond and produces more food per unit area than cereal and that 
9° 'n a short time. Potatoes are a non-fattening, nutritious and 
: J!^^^°"^^ 'ooC. which supply many important nutrients to the 
'C^f> *^*° provides significant quantities of Protein, Vitamin-
• L;J'^.'^ohydrate, iron and to a lesser extent Vitamin of the B 
f 7^'"P'ex and Vitamin A (Table 1) 
•• ^"^^ent of Post Harvest Engg. and Tech. AMU, Aligarh 202002 
TABLE 1: Nutritional Value of Potato 
Constituents 
Moisture 
Protein 
Fat 
Minerals 
Fibre 
Carbohydrate 
Vitamin-C 
Values 
74.7% 
1.6% 
0.97% 
0.6% 
0.4% 
22.6% 
17mg/100g 
Const i tuents 
Calcium 
Phosphorus 
iion 
Carotene 
Thiamine 
Riboflavin 
Niacin 
Values 
10 mg/lOOg 
40mg/100g 
0.7mg/100g 
24Mg/100g 
0.10mg/100g 
O.Olmg/lOOg 
1.2mg/100g 
Source: Srivastava and Kumar (19^4) 
Raw potato—•Washing —•Peeling —•Slicing—•Dipping in water 
i 
Drying < Treating <— Blanching 
1 
Packaging • Storage 
Fig.1 Flow diagram for Potato Chips Production 
Varieties of potato such as Kufri Chandramukhi, Kufri Alankar, 
Kufri Sindhuri, Kufri Lauvkar, Kufri Jyoti, Kufri Jeevan, Kufri 
Dewa, Kufri Badshah, Kufri Bahar, Kufri Naveen, Kufri Moti etc. 
are used in preparation of food items in India. 
In India, per capita consumption is only about 18 kg whereas 
up to 175 kg/person/annum are consumed in Poland (Burton, 
1974). Potato can be used for production of high quality starch, 
alcohol, glucose, pectin and fodder. 
Certain food products, which can be processed from pota-
toes, include canned potato salad, potato soup, canned French 
fries, potato pancake, pancake mixes, potato chips bars, potato 
nuts and potato puffs. These products are prepared on a 
commercial scale in the USA. 
Potato chips are well accepted and popular amongst potato 
products. It is being used as a snack food item by consumers 
and people enjoy in any gathering like cinema, journey parties 
and on picnic spot. Potato chips industry is growing vastly and 
a number of enterprises have jumped in the market. Potato 
chips industry has lot of potential and competition. To have a 
best quality chip one should have an idea of the variety of potato 
that appropriately may be taken for successful 
commercialization. Therefore, present investigation was carried 
out for quality evaluation and storage stability of potato chips of 
different cultivars packed under different packaging materials. 
MATERIALS AND METHODS 
Potatoes of different varieties were procured from Dhanipur 
Mandi of Aligarh. Packaging materials namely high density 
polyethylene and combination film of aluminium and polyeth-
ylene were procured from the local market of Aligarh. Chemi-
cals like potassium meta-bisulphite (KMS) and calcium chloride 
(CaCIa) were present in the laboratory of the department. Three 
varieties of potatoes procured, were different in shape, size, 
colour, number of eyes, depth of eyes and chemical composition. 
One variety of red colour and two varieties of white colour were 
selected for experiment 
1. Red variety : Kufri Sindhuri 
2. White varieties : Kufri Bahar and Kufri Badshah 
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Nutritional Changes in Soybean During Germination 
S. AHMAD AND D.K. PATHAK* 
Department of Post-Harvest Engineering and Technology, 
Institute of Agriculture, Aligarh Muslim University, Aligarh - 202 002, India. 
Soybean seeds were allowed to germinate under two sets of temperatures (22 and 25°C). The germinated seeds from 
both the sets were dried up to 10% moisture level. The dried seeds were pulverized and emalyzed for determination of 
nutritional parameters along with control soyljean samples for compEuison. The results showed that the germination 
increased ascorbic acid and riboflavin contents drastically in comparison to control samples. Considerable ch£mge in 
thiamine was also observed after germination. Viscosities, diastatic and proteolytic activities of respective samples were 
determined and it was noticed that the enzymatic activity subsequently improved the digestibility after germination. 
Germination reduced the besmy flavour and improved the organolieptic queilities of soybesin seeds. 
Keywords : Diastatic activity, Germinated soybean seeds. Nutritional quaJity, Organoleptic properties. Proteolytic activity. 
It has long been recognized that germination 
lerally improves the nutritional quality of seeds 
i in peirticular, increases the vitamin contents of 
•taflk pulses (Banergy and Rudra 1938). 
rmination brings about many biochemical 
nsformations in seeds, which intrinsically 
prove their overall acceptability for consumption, 
miination is also a conventional process (Bapu 
76) and is beneficial in reducing some of the 
amicrobial factors in cereals and legumes (Deos-
Je 1982; Babere ta l . 1988). Germination involves 
ackdown of seed reserves and utilization by the 
wing roots as well as shoots. The major metabolic 
(cess associated with seed germination is the 
bilization of storage meterial in the reserve tissue 
i then subsequent transfer to and utilization by 
developing embryonic axis (Abdus Sultan 1989). 
)for and Maduako (1992), observed that milk 
pared from sprouted soybean contained more 
trlMts than those from unsprouted soybean. 
The present investigation was, therefore, under-
.en to study the nutritional and qualitative 
inges in soybean seeds on germination. 
Soybccui seeds of 'Brag' variety were selected for 
mination. Two samples (each 200 g) were taiken 
the study. Initially, the seeds were allowed to 
ep overnight inside the incubators controlled at 
jperatures 22 and 25°C, water was then drained 
1 seeds were cdlowed to germinate in shallow trays 
ered with muslin cloth. The humidity in both the 
abators was regulated at 85%. Soybean seeds 
e rmsed with chlorinated water (20 ppm) at 4 h 
;rval to check the mold growth. It took three days 
iccomplish full germination. Percent germination 
irrespondirxg Author : Present address : Department of 
ochemUxd Engineering and Food Technology, Harcourt Butler 
•chnological Institute. Kanpw. 
was determined by direct weighing of sprouted seeds 
in each sample. The germinated samples were dried 
to a final moisture content of 10% in a hot air oven 
and then pulverized to fine flour. Ungerminated 
soybean seeds served as control. 
Controlled and germinated samples were 
analyzed for moisture, protein and fat contents 
according to (AOAC 1980) methods. Total and 
reducing sugars were determined by Shaffer Somogyi 
micro method (1960), while ascorbic acid by titration 
(AOVC 1966) and thiamine by measuring flouro-
scence (1958). The measurement of viscosities, 
diastatic power (by ferricyamide modification) and 
proteolytic activity was done by standard methods. 
Sensory properties of both sprouted and control 
soybean samples were evaluated by a panel of 6 
judges using a 9-point Hedonic scale. Six panelists 
were selected from the depeirtment of Biochemicsil 
Engineering and Food Technology and gave the 
TABLE 1. PHYSICO-CHEMICAL PROPERTIES OF SPROUTED 
AND UNSPROUTED SOYBEAN SEED FLOUR 
Constituents 
Moisture 
Ash 
Wafer 
insoluble ash 
Alkalinity 
oi ash 
Fat 
Reducing sugars 
Total sugars 
TotEil proteins 
Soybean 
germinated 
sample No.l, 
% 
8.54 
6.35 
2.53 
0.00345 ml 
of N acid 
100 g of 
sample 
20.92 
0.14 
0.65 
42.50 
Soybean 
germinated 
sample No. 2. 
% 
8.91 
6.50 
2.50 
0.0032 mi 
of N acid 
100 g of 
sample 
20.67 
0 15 
0 65 
42 625 
Soybean 
sample, 
% 
9.32 
5.92 
2.28 
0.0033 ml 
of N acid 
100 g of 
sample 
20.49 
0.13 
0.66 
42 12 
665 
Development, Quality Evaluation and 
Shelf Life Studies of Fruit Bar Prepared 
from Tomato and Papaya 
by 
Saghir Ahmad A. K. Varshney and Prof. P. K. Srivastava 
ABSTRACT 
The present study was undertaken for development of new 
product fruit bar basically prepared from mixed pulp of 
papaya and tomato in the ratio 70:30 and evaluation of its 
physicochemical, sensory and textural properties. The study 
was also conducted for evaluation of hydrocolloids oP texture 
properties of the fruit bar after three months storage. It was 
found that mixed pulp had the nutrition composiUon like 
carbohydrate 6.3 %, minerals 0.725 %, fibre 0.8 %, protein 
0.67 % and vitamin C 49.5mg/ lOOg. 10 samples of fruit bar 
had moisture content ranging 26.9-28.0, TSS 71-720Bx, pH 
4.30-4.63, browning Index 0.135-0.185and vitamin-C 37.3-41.4 
mg/ 100g. Sensory characteristics evaluated by a group of 
expert panelist on hedonic scale indicated that all 10 samples 
were good in colour, aroma and taste, (the score value for 
c^our, aroma and taste, ranged 6.60-7.50,6.70-7.50 and 6.60-
7J60). There was considerable variation In the texture of the 
product. It was indicated by texture analyzer that the sample 
R,r,hi containing P+S (0.5 % each) had least hardness 
(positive peak force was found to be 196.5g), while the sample 
Rir^2 containing S+E C(1.0% each) had maximum hardness 
(positive peak force was 1434.5g). Three months storage 
study at ambient temperature revealed that there was nearly 
2 % reduction in moisture content of the product packed in 
LDPE during April, tl/lay and June. There was very little 
change In pH and acidity of the sample. Considerable 
increase in TSS and browning Index (O D) were noticed after 
three-month storage (TSS generally increased nearly 2 % and 
browning Index improved 0.104 unit In Rtrjh, sample). 
Maximum vitamin loss 25.4 % for the sample Rir,h] 
containing P+S (0.5 % each) and minimum loss was 12.9 % 
for the sample R3r1h1 containing S+E C (1.5 % each). It was 
observed in general that colour of the sample incorporated 
with P+S were much affected as compared to sample 
containing S+E C or P+E C there was not much in taste and 
aroma of the sample. There was considerable improvement 
in the texture of these samples which were incorporated with 
Pectin+Starch after three months storage. These samples 
iv«*e found to be more compact and smooth In texture as 
compared to their fresh counterpart, while samples 
incorporated with S+E C (1.0 % each) lost its texture and 
became gummy and sticky during storage. 
INTRODUCTION 
Papaya is a popular tropical fruit India's papaya production 
accounts for about 7 % of world's production India is a major 
producer of papaya after Brazil and Indonesia India produced 
0 490MT of papaya in 1995 while the world production was 3 84 
MT (J Food Industry, 1994 Nov-Dec) Size of the papaya fruit 
ranges from less then 1 lb to 20 lb Papaya fruits are called 
protective foods because their cheap nutntive contnbutions are 
vitamins, minerals, and bulk cellulose and protopectin Among 
those fruits rich in vitamins-C and carotene are most important 
'" the human diet Papaya is rich in vitamms-C andp-carotene 
Food containing preformed vitamin-A are expensive and be-
j ' °n^he reach of the poor Hence carotene derived frorn plant 
loodheed to be a cheap source of vitamin-A Regular consump-
^sparfment of Post Harvest Engineering and Technology, 
^'igarh Muslim University, Aligarh, 202002 
tion of papaya will ensure a good supply of vitamm-A and C In 
one of the investigation, the total caro!enoids, total soluble solid, 
P-carotene, vitamin-C, total carbohydrates and pectin at differ-
ent stages of ripening in five varieties of papaya had been esti-
mated, in order to know in which stage and vanety, the nutrients 
are available maximum 
Tomato (Lycopersicum esculentum mill) considered to be the 
king o1 vegetables is grown world wide on a variety of soil and 
climatic condition United States, Turkey, Italy, Spam are the lead-
ing tomato growing countries while India ranks 5th India pro-
duced 5 9 MT of tomato in 1998 as compared to world production 
of 88 9 t\/IT in 1998, (Anon, 1999) The importance of tomato as a 
crop IS reflected in its large-scale cultivation throughout the world 
Tomato is grown both as a field crop and as a protected crop 
under glass/green houses and plastic tunnels Under the above 
two sets of cultivation growing conditions differ considerably and 
so the nutritional requirements also vary 
Tomato is one of the important crops in the world not only 
because of average growth (Hobson and Gnerson, 1993) but also 
because of their overall contnbution to nutrition Tomatoes are 
consumed either fresh or as processed products and tomato for 
each market must have a very distinct quality characteristics 
Fresh tomato must have acceptable flavour and handling char-
actenstics satisfying both consumer demand and distnbution re-
quirement On the other hand, for processing, tomatoes must have 
intnnsic rheological charactenstics, which make them suitable 
for various processing applications such as tomato juice, puree 
and paste production 
These two crops of fruit and vegetable (papaya and tomato) 
represent a good source of nutntion An idea came into our mind 
to develop a new product utilizing these crops It would be better 
to have a product containing the blend of the pulps obtained from 
both papaya and tomato as tomato being the one of the cheap 
seasonal crop and available in abundance The blend of pulps 
may prove to be a good source of food, nch m vitamins espe-
cially p-carotene, vitamin-C, carbohydrate and minerals The idea 
came in to our mind to have a such product of excellent nutn-
tional value visa-vis long keeping quality, The present investiga-
tion was earned out for development of a new product (fruit bar) 
with the following objectives 
1 Development of fruit bar (a product prepared with the blend of 
papaya and tomato pulp including acid and sugar) by hurdle 
technology 
2 Studies on the effect of different combination of papaya and 
tomato and hydrocolloids namely pectin, starch, and ethyl 
cellulose in combination on physico-chemical, sensory and 
textural quality of the product 
3 Studies on the effect of ambient temperature storage on 
physico-chemical and sensory properties of the fruit bar 
4 Studies on the effect of ambient temperature storage on tex-
tural quality of fruit bar 
MATERIALS AND METHODS 
Procurement of Raw Materials 
The ripe papaya and tomato, sugar, citnc acid, benzoic acid, 
hydrocolloids namely (pectin, starch and ethyl cellulose) and 
packaging material of low-density polyethylene (LDPE) were used 
dunng this expenment Fruits of papaya and tomato were used 
for carrying out the studies The npe papaya and tomato of uni-
form shape and size, firm texture and with proper maturity were 
selected for the study 
51 BEVERAGE & FOOD WORLD FEBRUARY 2004 
Effects of Processing Methods on pH, Microbial 
Populations,Textural and Sensory Characteristics oi 
Fish Kabab at Ambient and Refrigerated Storage 
by 
K.P.Singh, M. A. Khan*, P. K. Srivastava and S.Ahmad 
JSTRACT 
feet of processing methods on pH, microbial counts, textural 
ardness/tenderness) and sensory characteristics of fish 
ibab prepared by deep fat frying, hot air oven cooking and 
\crowave oven cooking methods packed in LDPE bags and 
ored at ambient and refrigerated conditions (0 and -5°C) 
mwed no considerable effect of processing methods on pH 
fish kabab. The pH values of fish kabab during storage 
'creased at all conditions irrespective of processing 
ithods. Microwave oven processed kabab was better in 
4our and more tender as compared to hot air oven and deep 
f frying processed kabab. Taste and odour of fish kabab 
mples were almost comparable (score values for odour 
id taste were 7.35, 7.5; 7.25, 7.40 and 7.80, 7.30 for three 
mples respectively). Logrithmic values of TPC per gram of 
h kHJi^b samples prepared by microwave oven, hot air oven 
d deep fat frying were evaluated and found that the samples 
^lled after three days at ambient condition and after 15 
ys at OfC, while sample was In good conditions even after 
days at -5°C. A positive peak forces Indicated the hardness 
the fish kababs prepared by deep fat frying and was little 
jher as compared to those prepared by microwave oven 
dhot air oven processing. A reduction in peak shear forces 
IS observed In samples prepared by all the three methods 
d stored at ambient temperature. Whereas, a slow decline 
peak positive forces were observed In samples stored at 0 
d -5'C. The textural stability was better in case of deep fat 
ing as compared to microwave oven processed samples. 
ywords : Fish Kabab, Microwave Processing, Hot air oven 
tcessing, Deep fat frying, microbial characteristics. Sensory 
tracteristics, Textural characteristics. 
PRODUCTION 
ia produced 5.2 million tonnes of fish including 2.9 million 
nes from marine and 2.3 million tonnes from inland fisheries. 
6 world production of fish reached an estimated 94 million 
nes (The Hindu, 1999). Japan, Peru, Russia, Mainland China 
I Nonw&y are the major fish producing countries, though 
lilanri, Spain, and South West Africa are also important 
tlucers. India has made dramatic advances in fisheries. There 
nearly 1570 species of Finfish and about 1000 species of 
Cish. Capture fisheries employ various types of craft for the itation of commercial stocks, which varies from region to 
Bn. Indian fisheries sector plays a significant role in supply of 
»ein rich seafood, employment generation and foreign 
lange earning. Export earning from fish product accounts for 
• of the total agricultural export of the country. Fish production 
»clia progressed at the rate of 4.4% per year during Vili five 
• plan (Gangil and Dubey, 1998). Japan is the top most 
Irter accounting 44% of total export of India. Seafood export 
a India crossed for the first time to Rs 50 billion (US $ 1.038 
•n) mark in 1999-2000 fetching Rs 50.96 billion (US $ 1.058 
m) up by Rs 4.69 billion (US $ 97.364 million) from Rs 46.27 
f (US $ 960.565 million) in previous year (Cyriac 2000 ). e fish processing there are 393 freezing units, 13 canning 
k, leOiice making units, 12 fishmeal units and about 476 cold 
hsponding Author ' ~~ 
fcftmenf of Post Harvest Engineering and Technology, Faculty of 
miHural Sciences, Aligarh Muslim University, Aligarh - 202 002 
storage in India (MFPI, 2000). i 
The principal processes employed to check bactenal and^  
other form of spoilage in fish are few in number. Hunter (1920a,'' 
1920b), Fellers (1929) and Harrison et at., (1926) were among 
the first to show that the majority of bacteria associated with j 
fresh and spoiling fish belong to the Water-Soil types which liave ^ 
a lower optimum temperature of generation than normal \ 
pathogens. Newly caught healthy fish, the flesh and the body f 
fluids are sterile. On the other hand, the external surfaces of the ' 
fish and the gut can carry a very considerable bacterial load. 
Aschehong and Vesterhus (1947) reported a count of 3-2OG103 , 
g ' of gut content of winter herring. The curing by drying, smoking 
and salting with common salt in various combination is 
bacteriostatic, bactericidal in varying degree. Other salt acids 
such as vinegar, sugar and certain spices and herbs employed 
for this purpose also have similar effects. Curing of fish is the 
most popular method of preservation in developed and 
developing countries (Shetty ef a/., 1996). On global basis, 14% 
of the marine landings are processed by curing (San)eev and 
Surendran, 1996). In addition to microbiological quality, the other 
factors which influence fish quality are fat, colour, texture and 
freshness; and certain other quality parameters which are 
commonly cited as strips, blood strains, marbling and melanin 
spots (Koteng, 1992, Sigurgisladottir ef a/., 1997). Fish viscera 
are a high source of contamination and therefore they are 
discarded very carefully during processing. Luminous bacteria 
are found in the enteric tract of fish and shrimp (Ruby and Morin, 
1979; Abraham etai, 1998). Bacterial bioluminescence has also 
been proposed as an early indication of marine fish spoilage 
(Barak and Ulitzur, 1980) and penaeid shrimp diseases (Abraham 
et ai, 1998). Cooking of fish by developing into Kabab/ Cutlets 
leads to reduction in bacterial load even some time leads to 
complete sterilization (Singh, 2001). Habitat of fish harvest is 
frequently found to be free from bacterial contamination. But in 
subsequent handling, bacteria of spoilage and health hazard 
type come in contact with the fish. Earlier studies were 
concentrated on microbial and physico-chemical quality 
parameters of commercially cured fish but not on the identification 
of sources of contamination (Prasad et ai 1994, Wibowo et a!., 
1990). Commercial production of value added fish product is 
gaining momentum and products like protein concentrate, fish 
wafers, fish sausages, fish soups, fish surimi and fish cutlets are 
being popularized worldwide. To have product similar to meat 
kabab, made out of fish of inland origin, the experiment was 
designed with specific objectives: (a) to prepare fish kababs by 
different methods of processing/cooking (b) to evaluate the effects 
of different processing methods on quality, characteristics and 
(c) conduct shelf life studies. 
MATERIALS AND METHODS 
Rsh 
A matured, live and fresh Mystes seengala (sykes) or Tengera 
fish measuring about 46 cm in length was selected for studies. 
Fish Kabab 
The raw fish meat was blanched for 5 minutes and then deboned. 
Fish kabab was prepared by taking 450 g of finely minced fish 
meat. The spices and ingredients used were chopped onion (100 
g), chopped ginger (25 g), cloves (0.20 g), bay leaves (1.5 g), red 
chilies powder (2 g), ghee/fat (100 iirri"), beson (75 g), chopped 
garlic(25 g), lemon juice (10 pm^), cinnamon (1.5 g), green chilies 
(20 g) and salt(20 g). The fish was deboned and minced. The 
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Development and Quality Evaluation of Selected 
Tomato Products Prepared by Microwave Oven 
as Compared to Hot Air Oven 
by 
S. Ahmad*, O.P. Singh & P.K. Srivastava** 
ABSTRACT 
Study on the effect of microwave oven processing as com-
pared to hot air oven processing on nutritional and sensory 
quality of tomato soup, puree and paste wasconducted. Itwas 
observed that tomato juice recoveries by cold break and hot 
break methods were 66.2% and 74.2% respectively. It was 
observed that the vitamin C losses of tomato soup, puree and 
paste were 15, 20 and 25% respectively, when prepared by 
microwave oven method. The losses in vitamin C were also 
noted forthese products when prepared by hot air oven. It was 
noticed that the losses of vitamin C increased as a result of hot 
air oven processing as compared to microwave oven process-
ing. (The losses for soup, puree and paste were 20,25 and 30% 
respectively). p-Carotene contents of these three products 
were also affected by microwave oven and hot air oven cook-
ing methods. (fi-Carotene contents of these three products 
prepared by hot air oven were 343.53, 339.8, 336.08 fig/IOOg 
while its counter part prepared by microwave oven had 
P-Carotene contents as 345.51, 342.5 and 342.43 fig/WOg 
respectively). The main pigment of tomato, Lycopene was also 
affected by changing the processing methods. Lycopene con-
tents oftomato soup processed by microwave oven and hot air 
oven were 3.43 and 3.28 mg/IOOg. Lycopene contents of 
tomato puree prepared by microwave oven processing and 
hot air oven cooking were 3.35 and 3.04 mg/103g respectively. 
Similarly the lycopene contents of tomato paste prepared by 
microwave oven processing as well as hot air oven cooking 
were 3.27 and 3.01 mg/IOOg respectively. The hot air products 
were darker in colour as compared to microwave products; 
taste and aroma of hot air oven processed products were 
found to be better as compared to microwave processed 
products. 
INTRODUCTrON 
India produced 5.7 million tonnes (1996) and 5.9 million tones 
(1998) of tomato as compared to world production 82.8 million 
tonnes (1996) and 88.9 million tonnes (1998). (Anon. 1999). It 
is the king of vegetable and one of the important crops in the 
vi'orld because of its overall contribution to nutrition. Tomatoes 
are consumed either fresh or as processed products and toma-
toes for each market must have very distinct quality character-
^tics. Fresh tomatoes must have acceptable flavour and han-
aling characteristics, satisfying both consumer's demand, dis-
tnbution and requirements. On the other hand, processing 
tomatoes must have intrinsic rheological characteristics, which 
make them suitable for various processing applications such as 
tomato luice, soup, puree and paste production. Fresh toma-
a f^ "^"^  vsry refreshing and appetizing but cannot be stored for 
°[|9 period. Often they are sold at distressed prices during 
peak harvest season and nearly 25% of produce is spoiled due 
J^'?^3ndling. Such losses can be avoided by converting it into 
CT'cious products like soup, puree, paste, and ketchup. 
lomatoes are a good source of vitamin C. It contains 15-33 
com "^ ^ ° ' ^'*^'^'" ^ ° " '""^sh weight basis, it is the most labile 
jjj P°nent of thermal processing which has profound effect on 
tom f^ T° " " Lycopene is the principal carotenoid found in 
aw. Tomato contains about 30mg of Lycopene in fresh fruit. 
^'iajit'^"', °' ' ' ° ^ ' Harvest Engineering and Technology. Faculty of 
'CorrJJi ^'^'^'^<:es, Aligarh Muslim University, Aligarh 202002 
^^^sponding Author 
Tomato and tomato products also contain low amounts of a, 
and Y carotenoids (Tonucci er a!., 1995). Other sources c 
lycopene include watermelon, guava, and pink grapefruit an 
are less important with respect to dietary supply (Mangles et al 
1993). Tomato and tomato products are the major source c 
lycopene in human diet (Sthal and Sies. 1996). 
Vegetable is the cheapest and a rich source of plant proteir 
calcium, phosphorous, iron and potassium. Tomato come 
under the solanaceous vegetables group. In order to fulfi 
increased consumption, production and demand, scientist havi 
evolved new varieties/cultivars with desired.characteristics l 
overcome the difficulty. These varieties are as under-Rome, S 
152 (lARI), Sel-11 (IIHR). Punjab Chhuhara (PAU), 2466-2 
(Pant Nagar). 
Wet methods of cooking lead to comparative greater losse: 
than dry methods. Direct heating causes greater loss of nutri 
ents like vitamin C. Vitamin C is water soluble and is also easih 
oxidized. It is lost through leaching in boiling water and als( 
during cooking and actual consumption. There is destruction o 
vitamin C during cooking and it can cause a loss of 32-35% ir 
tomato products (Morgan et al., 1993). 
The processing by microwave oven has emerged as safe 
cooking method nowadays. It does not heat the food materia 
directly. There is a uniform heating/processing throughoufthc 
entire food medium. Microwave causes the change in the 
polarity of polar molecules millions of times in a second. This 
actually becomes the source of heat generation in food being 
processed. Water molecules present in every food system, are 
polar in nature. Taking advantage of this technique, the idea 
came in to my mind to select this processing method which 
leads to minimum nutrient losses. Therefore an investigation 
was carried out to conduct the study on tomato processing and 
development of selected tomato product with the following 
objectives. 
1) To study the comparative effects of microwave oven and hot 
air oven processing on nutritional quality of tomato products 
namely tomato soup, puree and paste. 
2) To evaluate the sensory characteristics of tomato products 
prepared by both the methods. 
MATERIALS AND METHODS 
Tomatoes (C.V. Naveen Variety) of uniform shape and size, firm 
texture and with proper maturity was procured from the green-
house of the department of Post Harvest Engineering and 
Technology. F/0. Agriculture at A.M.U. and packaging material 
from the local market of Aligarh. 
Extraction of Tomato Pulp 
Tomato pulp was extracted using pulper (B.Sen Berry Co.) by 
cold and hot break methods. Just fully ripe fruits of uniform 
shape, size, free from blemishes and bruises were selected for 
the experiment. The fruits were washed thoroughly in clean 
water and cut into four pieces and were passed through the 
pulper. The pulp contained total soluble solids, 6 degree Brix, 
pH 4.10. The pulp was preserved giving treatment of benzoic 
acid at a level of 900mg/litre. Process flow chart for preparation 
of tomato soup is given. 
Chemical analysis 
Moisture content, percent acidity, lycopene, P-carotene and 
vitamin C were estimated by method as described by Ranganna 
(1997). pH measurement was done by digital pH meter (Khera 
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Development and Quality Evaluation of Pulse 
based Papaya Powder during Ambient 
Temperature Storage 
by 
Belal Firoz, Saghir Ahmad & A.K. Srivastava 
ABSTRACT 
A nutritional blend of pulse based papaya powder was 
developed and study on storage stability of this blend was 
conducted during six months storage. Physico-chemical 
and sensory properties were evaluated before and during 
the storage period of 2,4 and 6 months consecutively. It was 
observed that there were no considerable changes in pH, 
total acidity, total ash, and protein. Moderate changes in 
moisture content, TSS, total and reducing sugar were noticed 
after six months storage. Considerable changes in moisture 
contents were observed during storage (moisture content of 
pulse based papaya powder packed in LDPEbags increased 
1.5 times of its fresh counterpart while the moisture content 
^f the sample packed in glass bottle increased 1.4 times of 
7rs fresh counterpart). Greatest change in browning index of 
the controlled sample was noticed during storage. Browning 
index of controlled sample packed in LDPE bag was higher 
as compared to its treated counterpart (Increased 6 times in 
controlled sample while it increased 1.5 times in case ofKMS 
treated sample) at the end of six months storage. Sensory 
attributes of pulse based papaya powder samples were 
evaluated and it was found that fresh sample has better 
appearance, bland flavour and texture (the score values 
were 4.80, 4.25, 4.42 and 4.20, respectively). Losses in 
sensory qualities were observed during six months storage. 
However, the losses were higher in case of LDPE packed 
samples as compared to its glass bottle packed counterpart 
(score values after six months were 2.5, 3.00, 3.10, 2.8, and 
3.80, 3.65, 3.56 and 3.28 respectively). 
INTRODUCTION 
India produced 0.337 million tonnes of papaya in 1994, while 
the world production was 3.04 million tonnes (Anonymous, 
1994). India is a major producer of papaya after Brazil and 
Indonesia. Papaya is a wholesome fruit and it ranks second 
only next to mango as source of precursor of vitamin A (Aykoroyd, 
-j|950). It is known for its excellent flavour, delicious taste and 
r^alth values. Besides being a source of carotene, papaya is 
a rich source of Vitamin C, Riboflavin and minerals. Previously 
papaya was processed in the form of chutney but now there are 
several other products of papaya available, such as papaya 
juice, nectar, cordials, squash, papaya crush, papaya jam, jelly 
and marmalades. Papaya is also used for making glazed 
crystalline fruit, papaya toffee, candy, RTS and papaya powder. 
Studies on dehydration of papaya were conducted by Mehta 
and Tomar (1980). They conducted the study on dehydration by 
giving sulphite treatment (1000 ppm) and taking osmotic cum 
electric cabinet cross flow drier. Studies on drying and 
dehydration of raw mangoes for preparation of mango powder 
(amchur) was done by Dabadhe and Khedkar (1980). Ahmad 
and Chaudhary (1995) conducted a study on osmotic 
dehydration of papaya and found that osmotically dehydrated 
papaya slices prepared by using soak solution containing 
sucrose, water, potassium sorbate and subsequently heated in 
dn^ air were good in colour, flavour and texture and could be 
used as snack food. If papaya powder is blended with gram 
pulse flour, it will become a rich source of nutrition, however, 
this technology has not yet been explored. Therefore, an 
investigation was carried out with the objectives of development 
and quality evaluation of gram pulse based papaya powder 
during six months ambient temperature storage under different 
packaging materials. 
MATERIALS AND METHODS 
Ripe papaya of uniform shape and size, firm in texture and at 
proper maturityjstage was procured from the local market ol 
Aligarh. Gram pulse flour (besan) and packaging material 
namely, LDPE bags and glass bottles were procured from local 
market. The fruits were washed thoroughly in water, peeled, 
seeds were removed and cut into four pieces. The pieces were 
passed through pulper for pulp extraction. Measurement of 
acidity, pH and TSS was done by methods as described by 
Ranganna (1994). The pulp was blanched at 85°C for five 
minutes and treated with 1000 ppm of potassium metabisulphite 
(KMS). Treated pulp was filled in sterilized bottles and stored 
at 7°C. 
10% gram flour by weight (of desired pulp quantity) was 
taken and mixed with distilled water in ratio, flour: water, 1:4. 
The suspension was autoclaved at 12 psi for 20 minutes. 
Treated pulp and autoclaved besan were blended and concen-
trated in the hot air oven at 80°C till volume reduced to half. This 
concentrated blend was spread in the form of thin layer and 
dried at 60°C on cabinet dryer (Khera model) trays. The drying 
continued till the final moisture content reached below 2%. The 
flakes were ground to powder and sieved through 100 mesh 
sieve. Pulse based papaya powder samples were packed in 
glass bottles and 100 gauge LDPE bags. The samples were 
analyzed for moisture, pH, acidity, total protein, reducing and 
total sugars by methods described by Ranganna (1994). TSS 
was measured directly by hand refractometeras recommended 
by Srivastava and Kumar (1994). The flow diagram of the 
process is given in Fig. 1. 
Gram pulse flour (10%) Papaya pulp 
4. 
Water 
i 
Cooked at 12 lb/in' Heated at 80-85°C 
pressure for 12 min for 5 min 
I 
Residue 
> Mixed thoroughly^ 
i 
Heated at 80-85°C till 
volume reduced to half 
i 
Dried in cabinet dryer at 60°C 
i 
> Ground 
Department of Post Harvest Engineering & Teclinology, Faculty ol 
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Fig 
Sieved through 100 mesh screen 
4. 
Pulse based papaya powder 
i 
Packed 
1 Process Flow Diagram of Production of Pulse 
Based Papaya Powder 
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Role of Antioxidants in Improving the Quality and 
Shelf Life of Food and Food Products 
by 
Dr. S. Ahmed Liyaqati 
Sooila9^ toy oxidation is very common in food and food 
oroducts ricti in fat. Even after controlling microbial activity, 
there are chances of food deterioration as vitamin, pigments, 
amino acids, protein and lipids present in food, are oxygen 
sensitive- Oxidation leads to lowering of quality, by affecting 
colour, flavour, drip losses, off odour development and 
oroduction of potential toxic compounds. Antioxidants 
including natural and synthetic are widely used to prevent 
oxidative rancidity in food and food products. Vegetable oils 
'ontain natural antioxidant tocopherols, which has good 
'^•.gj(i(jant properties and may provide effective protection 
'rom oxidative rancidity. Fried food products, ha ving high fat 
'ontent and large surface area are more susceptible to 
itmospfieric oxidation. Synthetic antioxidants like butylated 
i^roxyaniso/e (BHA), butylated hydroxyl toluene (BHT), 
J^xm^y./7yf//aferf hydroquinone (TBHQ) and propyl gallate 
pofare being successfully used in several food industries 
iifjlfakery, confectionery, chocolate, ice-cream, etc. Food 
irade polyphosphate in processed food have been widely 
cceptBd due to their desirable effects. Food grade 
polyphosphate are incorporated in meat products to improve 
fjg nvality, water binding capacity, emulsion stability and 
ihibit oxidative rancidity. 
'ev Words: Shelf life, lipid oxidation, tocopherols, vitamin C 
and E and quality improvement 
Antioxidants are a group of compounds, which play important 
lie in preventing food deterioration by oxidation. Lipids and 
aments in foods are bensitive to atmospheric oxygen and 
erefore such foods deteriorate, causing development of off 
jour off colour and texture. The oils and fats are highly 
msit'ive for oxidation. When tats are exposed to atmospheric 
'vaen, they gradually become oxidised. Some fats oxidise 
ore rapidly than others and develop off flavour (Allenard and 
arriston, 1989). This is known as oxidative rancidity. Vitamin 
aments! amino acids and protein are also oxygen sensitive. 
Tocopherols, which occur naturally in vegetable oil, have 
lod antioxidant properties and may provide effective protection 
d irced added antioxidants, so many fats required to have 
iq shelf lite, such as certain baking fats, or oils used for frying. 
the latter case, oxidation can occur on the fried products 
lich may have a high fat content and a large surface area. 
The major synthetic antioxidants currently in use in food in 
5 United States are butylated hydroxyanisole (BHA), butylated 
droxytoluene (BHT), Propyl gallate (PG), and tertiary -
tylhydroquinone (TBHQ). These antioxidants are monohydric 
polyhydric phenols with various ring substitution. The 
enolic antioxidants are believed to function mainly by donated 
jrogen from the phenolichydroxy group to a peroxy radical. 
B antioxidant radicals produced in this reaction do not 
late or propogate fat auto-oxidation. 
The effectiveness of various phenolic antioxidants depends 
the type and positions of groups affixed to the benzene ring 
;leus o1 the compound. Phenolic antioxidants are often used 
•ombination and with various metal chelating agents such as 
c A;idi polyphosphate, ethyldiamine tetraceticacid (EDTA). 
TTiefee combinations give more antioxidant activity than the 
n of the compounds used separately. This phenomenon is 
ed synergism. Buck (1981), Coulter (1988), and Sherwin 
lartmenl of Post Harvest Engineering And Technology, Aligarh 
Urn University, Aligarh 202002. Email, alsaghir@rediflmail.com 
(1976;1981) have reviewed the use of synthetic antioxidant in 
fats and foods. 
Tocopherol, particularly seems-tocopherol-posses good 
carry through properties. Carry through refers to the ability of 
certain compounds to escape destruction on baking or frying. 
BHA and BHT also posses good carry-through properties 
during baking, but their volatility give them reduced effectiveness 
during frying operations, BHA being less volatile than BHT 
(Ranken and Kill, 1993). 
Antioxidants function in two ways. They may act as oxygen 
scavengers, removing oxygen from the oil, or by virtue of their 
ability to inhibit auto oxidation by capturing free radicals. 
Synthetic antioxidants are usually used as liquid formulation 
that are devised to take advantage of different characteristics 
of antioxidant compounds and satisfy specific needs of the food 
system. Factors to be considered when choosing an antioxidant, 
are the type of fat or oil to be stabilized, the need for products 
containing or being cooked in the fats to be protected (carry 
through out), the solubility of the antioxidant interaction, the 
ease of dispersion of the antioxidant into the fat phase, and the 
legality of the antioxidant for a specific application. BHA is more 
effective in suppressing oxidation in animal fats than in vegetable 
oils. BHA in fats affords protection to foods prepared by processes 
such as baking or frying. Other primary antioxidants are 
commonly used with BHA to take advantages of synergy. In 
general BHT performs much like BHA, but it has less carry 
through activity than BHA. Both BHA and BHT are highly soluble 
in fats and oils but insoluble in water. BHT may be used in 
combination with other phenolic antioxidants. Propyl gallate is 
effective in stabilizing animal fats and vegetables oils, meat 
products, spices, and other foods. Propyl gallete chelates trace 
metals, such as ion, to form undesirable coloured complexes 
and therefore is used in combination with citric acid to prevent 
this discolouration. Because propyl gallate is heat labile, it is 
not the antioxidant of choice when products, are subjected to 
high temperature. Propyl gallate is slightly water soluble. It 
offers good carry through in fried foods but is not an effective 
antioxidant for oils with high degree of unsaturation, such as 
soybean, sunflower and fish oil. 
Many of natural components of plant materials have 
antioxidant activity. Tocopherols, for example, are important 
antioxidants occurring naturally in vegetable oils. When used 
selectively at lowi concentration (100-300 ppm), tocopherols 
are effective antioxidants in a variety of food products. Their 
effectiveness, however, is diminished at higher concentrations. 
Tocopherols may function both as free radical terminators and 
as scavengers for singlet oxygen. 
Flavanoids and several isoflavanous have antioxidant activity 
including genistein, diazein and glycitein, have been identified in 
soybeans. These compounds occur primarily as 7-0 mono-
glucoside. Glucosides, of genistein and diazein account for 
nearly 90 percent of soybean flavanoids (Pratt, 1985). 
PROBLEM OF LIPIDS AND PIGMENTS OXIDATION IN MEAT 
Food lipid oxidation is considered to be a risk factor for human 
health. Some lipid oxidation products and few cholesterol 
oxides (COPS), in particular, are considered artherogenic 
agents and appear to have mutagenic, carcmogenic and 
cytotoxic properties. Lipid oxidation is one of the pnmary 
causes of deteriorations in the quality of meat and meat products 
during storage leading to development of off flavour, loss of 
colour and texture and decrease in nutritive value (Buckluy at 
al., 1995). It has been suggested that membranal phospholipids 
are high in polyunsaturated fatty acids and are responsible for 
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Role of 'Food Additive' in Improving Nutritional 
Sensory andTextural Quality of Food Products 
by 
Dr. Saghir Ahmad Liyaqaf i 
PART I - EMULSIFIERS AND STABILIZERS 
An additive Is defined in UK Food Labeling Regulation 1984 as 
any substance not commonly regarded or used as food which is 
added to, used in or on food at any stage to affect its keeping 
quality, texture, consistency, appearance, taste, odour, alkalinity 
or acidity, or to serve any other technological function in relation 
to food. In recent years many amendments have been made to 
bring the legislation in different countries in line, most countries 
started off some years ago with their own national permitted lists 
which did not agree in many respects with European countries. 
In India lor example 'FPO' number is assigned to the fruit and 
vegetable industries which conform to the standards, for 
production, addition of preservative and composition as laid 
down by regulatory organization. The food additives are 
categorized as given below; 
EMULSIFIERS 
Emulsification is the dispersion of one liquid phase in the form of 
fine globules in another liquid phase with which it is completely 
miscible. In the food industry, the two phases most commonly 
emulsified are oil (o) and water (w) thus forming either oil in water 
(o/w) or wafer in oil (w/o) emulsions. Emulsifiers are usually added 
to one of the phases to promote ease of formation or stability of 
emulsion. The emulsifiers reduce the interfacial tension between 
two phases and makes possible the formation of the greatly 
enlarged interfacial area with a much-reduced energy input via 
mechanical agitation. In addition the emulsifier can stabilize the 
formed emulsion e.g. by formations of a semi ngid interfacial film, 
by its relatives partial solubility in the two phases or by contribution 
to the formation at the interface of an electrical double layer of 
charge which inhibits coagulations, Emulsifiers play an important 
role as the manufacture of many food stuff involves the formations 
and stability of emulsion of two basically immiscible phases 
usually o and w. 
The use of an emulsifier increases the ease of formation and 
promotes the stability of emulsion. The concept of hydrophilic 
lipophilic balance (HLB) is now widely used in the selection ol 
emulsifiers for a particular purpose. Each emulsifier is assigned 
as HLB value, which is a number expressing the balance of the 
number and strength of its polar as compared to its non polar 
group and this serves as an indication of emulsifying action it will 
perform. Whereas the HLB system has proved quite adequate in 
application in which only water and oil are involved the selection* 
of a proper emulsifier for food application is often considerably 
complicated by the fact that the emulsion concerned are so 
complex that the determination of their required HLB is extremely 
difficult. Nevertheless, the HLB system can be very useful in 
narrowing the selection from the very many emulsifiers available. 
Desirable charactenstics of food emulsifiers include ability to 
reduce interfacial tension below 10 dynes/cm and to be rapidly 
absorbed at interface. Possession of a proper balance of hy-
drophilic and hydrophobic group, to stabilize, the type of emulsion 
(o/w ot w/o) desired, the ability to impart a large electrokinetic 
potential to disperse droplets as well as its function effectively as 
low concentration are all essential. Finally, a food emulsifier 
should resist chemical change, lack odour or colour and be non 
toxic and economical. 
HLB values according to Harries (1933) and Griffin (1999) 
hydrophilic lipophylic balance (HLB), is one critenon for determin-
ing emulsifiers suitability Lipophilic emulsifiers have lower HLB 
numbers and hydrophilic ones have higher values, with 7-8 as 
Department ol Post Harvest Engg and Technology, Faculty of Agri-
cultural Sciences. Aligarh Muslim University, Aligarti 202002. 
turning point on the scale. For non-ionic compounds, ideally at 
least, the HLB value expresses the fraction of the molecule based 
upon molecular weight that extends into or interacts with aqueous 
face. Classification of non ionic emulsifier type is related to their 
property and usage. HLB value of an emulsifier mixture is the sum 
of the HLB values contributed by each individual emulsifier 
according to its percentage (Griffin, 1949; 1954). In general, the 
HLB values provide useful information concerning the use ol 
emulsifiers in simple O/W system. In more complicated food 
system containing carbohydrates and proteins that interact with 
many food emulsifiers modifying the available lipophilic or hy-
drophilic group on the emulsifier molecules. The HLB value is 
probably at best and an initial orientation aid (Schuster and 
Adams, 1984) to achieve stable emulsion, a blend of two or more 
emulsifiers is generally necessary. Wljen blending two emulsifi-
ers (A,B) to achieve an intermediate HLB of X, the percentage of 
each compound may be estimated from the following formulas: 
% A = 1 0 0 { X - H L B B ) ] 
HLBA-HLBB 
% B = 1 0 0 - % A 
O/W emulsions prepared with blends are more stable than 
those prepared with a single emulsifier of the same HLB number, 
which is attributed to the formation of mixed mesomorphic phase 
at the oil water interface. 
In addition to the HLB of an emulsifier, attention may have to 
be given to its physical nature, which may be dictated by the form 
of the complete product and to its chemical composition, minor 
differences whicfi can cause vast difference in performances. The 
method of preparation of an emulsion can also be important, for 
example a homogenizer or heat exchanger may give either an o/ 
w or a w/o emulsion from the same two phases. In some cases 
such as in an ice cream, bread and cake, emulsifier exerts an 
important influence on the product by means of their effect on other 
ingredients like starch and protein, their unique crystallization 
characteristics or their indirect induction of interaction lowering 
the interfaced tension between the two phases. Blends of emul-
sifiers usually give better result than a single compound and 
technique such as response surface methodology have been 
used to determine the optimum level and proportions of several 
emulsifiers for a blend designated for a specific application for 
example in cake mix shortenings. Some of the most common 
application of emulsifiers in food stuff are 
i) Breads at 0.1-0.5% (of the flour), emulsifiers improve the loaf 
volume, crumb, softness and the tenderness of the bread and 
markedly decreases its rate of staling. Diacetyl tartaric acid 
(DATA) esters are used together with a small proportion of 
hard fat in bread improver, 
ii) Cake at 1-4% level of the fat, emulsifier improve the cake 
volume, crumb, softness, texture, moisture retention and 
keeping quality of cake, 
iii) Ice cream, at 0.1 -0.5% level of the mix, emulsifiers improve the 
aerating properties (over run), dryness, texture body and 
apparent richness of ice cream, 
iv) (i/largarine, at 0.5% level (of fat), emulsifiers improve stability. 
texture and spreadability of the margarine and some reduce 
its spattering when used of frying, 
v) Whipping fillings, at 2% level (of fat), emulsifiers improve the 
whipping characteristics, appearance, volume and stability of 
the filling, toppings and icings, 
vi) Chocolate: the main advantage of adding emulsifiers to 
chocolate is to reduce the chocolate viscosity and thus reduce 
the fat requirement. Lecithin is the most widely used emulsifier, 
the optimum level of utilization being about 0,4% of the total 
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Controlled Atmosphere Storage 
vs 
Other Fresh Fruit Preservation Technologies 
by 
*Jyotshna Chauhan, **Saghir Ahmad, ***lqbal Ali 
Abstract 
Among various methods of fresh fruit preservation, 
controlled atmosphere storage is most effective with 
advanced techniques. A controlled atmosphere storage 
(CA storage) utilizes a strictly specified mixture of gases 
namely carbondioxide, oxygen and nitrogen. The desired 
composition of gases is maintained by artificially 
introducing a mixture of gases, by gas generating device 
and carbondioxide scrubbing unit. A controlled gas 
regime around food material minimizes respiration rate, 
reduces rate of ripening, enzymatic change, oxidation 
reaction and retards microbial growth. The desired 
composition of gases vary for different horticultural 
crops and it even changes for different varieties of same 
fruit viz optimum gas mixture for many apple varieties is 
only 5% carbondioxide and 3% oxygen and the rest 
nitrogen, since a higher carbon dioxide content causes 
browning of fruit tissues (8). Management of low 
temperature is another requirement for maintaining the 
quality of fruits and 0°C is recommended for many 
varieties of apples. 
Introduction 
Storage is one of the most important aspects of post harvest 
handling of fruits. The main objective of storage is to extend 
their period of availability without sacrifycing quality. A 
sustained quantity of (25-30%) of fruits go waste in India due 
to lack of proper storage facilities (Fig. 1J. 
Fruits are living entities and undergo physiological and 
biochemical changes after harvest. The primary purpose is to 
control the rate of transpiration, respiration, ripening rate and 
also undesirable biochemical change. The various techniques 
to increase the storage life of fresh fruits are 
• Cold storage • Ice banker • Hypobaric (Sub-atmospheric) 
storage • Waxing • Polymeric film wrapping • Chemical 
• Irradiation • Evaporative cooling • Controlled atmosphere 
storage. 
Biochemical Aspect in a CA storage 
During CA storage preservation, the fruits utilize the oxygen 
in the atmosphere to produce carbondioxide, water vapour 
and other essential organic substances (ethylene and a 
number of other substances) which together constitute the 
fruit aroma. As we know, respiration is a process which has 
been identified with life and so long as the fruit respires it 
stays alive. The moment respiration ceases, the supply of 
energy is disrupted. As a result, the complex cell structure is 
dislocated and the life processes become disorderly, all the 
cells and ultimately the whole fruit perishes. Respiration 
equation, CgHisOg = 6CO2 + GHgO + 674 K Cal. of energy 
shows that the substance which produces energy, is 
essentially glucose. But it does not imply that other 
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substances such as protein, fats, and organic acids have 1 
role in respiration since intermediate products formed durii 
certain stages of their conversion play a significant role in tl 
process of oxidation of sugars. 
The life cycle of fruits can be divided into three phas 
according to the rate of respiration (i) Preclimacteric - durii 
this period the fruit grows while the rate of respiration is k 
{\\) C/imaferic - during this period the rate of respiration ris 
sharply to maximum and the ripening of fruits starts and ( 
Postclimacteric - during this period the rate of respiratii 
slows down, the process of ripening and senescence is fu 
established, and fruit perishes. These phases are mo 
pronounced in apples, pears and bananas. It is found that tl 
best keeping quality is observed in fruits harvested either 
the preclimacteric state or in the climacteric phase such fru 
ripen slowly during preservation. 
Many investigations have revealed that the concentrati^  
of oxygen (it's partial pressure) in the atmosphere substantia 
affects the process of respiration in fruits. Thus, respiratii 
in an atmosphere of pure oxygen i.e. at atmospheric pressui 
produced 5 mg CO2 per 100 gm of apples per hour with a ri 
in oxygen pressure to 6 atm respiration of fmits etc., increasi 
to 3.3mg CO2 per lOOgms of fruits per hour. A further rise 
oxygen pressure to 11 atm resulted in practically no respirati( 
and apples perished within seven days. This effect w. 
produced because of oxygen and not because of its pressui 
With an oxygen concentration of 21% in the atmosphere ar 
pressure 5 atm the respiration of fruit was the same as in i 
atmosphere of pure o)^gen at a pressure of 1 atm. (1,2). 
Detailed studies of the respiration of apples based ( 
oxygen concentration showed that although reduction 
oxygen from 21 to 14% produces no effect on respirati< 
intensity but reduction to 4% resulted in gradual slowing dov 
of respiration but RQ (Respiration quotient) maintained unit 
when there was an oxygen concentration of 1-3%, 
disproportionate amount of carbondioxide was produced ar 
this resulted in a sharp increase in the RQ (4). Thus an oxyg« 
concentration of 5% considerably delays climateric rise 
respiration as compared to fresh air. 
A study of the causes for variable effects of the san 
oxygen level on fruits at different stages of ripening reveal? 
that the optimum level of oxygen respiration differs not on 
in different tissues of the same fruit, but also within the san 
tissue at different stages of its development. 
Theoretical studies on the effect of partial pressure 
oxygen on respiration in plant tissue, cells and whole orgar 
showed that this dependance can be described by followir 
equation: 
V = V„ 
Km -J- C | where 
V = the observed rate of respiration 
Vn, = the maximum rate of respiration 
Km = the respiratory enzyme constant and 
C, = the oxygen concentration 
The above equation exhibits overall dependence of respiratio 
of plant tissues on oxygen concentration in atmosphere. 
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